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PREFACE 


In  accordance  with  the  Agreement  on  Scientific  Cooperation 
Between  the  National  Academy  of  Sciences  (NAS)  and  the  Academy  of 
Sciences  (ASUSSR) ,  the  "Workshop  on  the  Mechanics  of  Ice  and  Its 
Applications"  was  held  in  Moscow  and  Leningrad,  USSR  from  June 
16-26,  1991.  Dr.  Wilford  F.  Weeks,  a  member  of  the  National 
Academy  of  Engineering  and  a  professor  at  University  of  Alaska  at 
Fairbanks  served  as  the  American  chair.  Upon  the  completion  of 
the  workshop,  the  NAS  requested  comments  from  Dr.  Weeks  on  the 
quality  of  the  program  and  the  state  of  the  scientific  field. 

The  following  is  a  summary  of  his  report  based  on  his  own 
personal  observations.  Though  Dr.  Weeks  has  incorporated 
information  included  in  trip  reports  from  individual 
participants,  the  views  expressed  herein  are  those  of  Dr.  Weeks 
only  and  do  not  necessarily  represent  the  views  of  the  individual 
participants  or  sponsoring  organizations. 

The  NAS  expresses  its  appreciation  to  the  Academy  of 
Sciences  of  the  USSR  (now  the  Russian  Academy  of  Sciences)  for 
its  support  in  organizing  the  workshop.  Special  thanks  are  owed 
to  Drs.  R.V.  Goldstein,  V.I.  Danilenko,  and  N.M.  Osipenko 
(Institute  for  Problems  in  Mechanics,  ASUSSR,  Moscow)  and  their 
respective  colleagues.  Financial  support  from  the  U.S.  Army 
Research  Office,  the  John  D.  and  Catherine  T.  MacArthur 
Foundation,  the  National  Science  Foundation  and  the  Office  of 
Naval  Research*  is  also  gratefully  acknowledged. 

*This  work  relates  to  Department  of  Navy  Grant  N00014-91-J-4134 
issued  by  the  Office  of  Naval  Research.  The  United  States 
Government  has  a  royalty-free  license  throughout  the  world  in  all 
copyrightable  material  contained  herein. 
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The  lAiited  States  and  the  fcooer  Soviet  Union  have  strong  rifMnnrt  interests 
in  obt2dning  a  better  vindiarstanding  the  behavior  of  loe  at  all  sceOes.  In 
particular,  Russia  and  the  United  States  have  vast  resouroes  in  the  North,  notably 
off  the  shelves  of  Alaska  and  Siberia.  In  order  to  safely  and  economically 
eag>loit  these  resources,  both  oountrios  require  an  in-depth  understanding  of  the 
movement  of  the  ioe  cover,  the  forces  idiich  moving  ice  can  exert  against  bottom 
founded  structures,  and  the  ice  resistance  on  vessels  used  to  transport  these 
resources  to  nmrket. 

Unfortunately,  because  of  funding  and  personnel  constraints,  American 
prcsgress  in  ioe  mechanics  and  engineering  has  been  limited.  In  the  opinion  of  the 
American  delegation  chedr.  Dr.  Wilford  We^,  this  1991  Soviet-American  Ice 
Mechanics  Wcdcshap  demonstrated  that  considerable  benefit  can  be  gzdned  by  the 
United  States  and  the  former  Soviet  Uiion  through  collaboration  in  research 
programs  and  exchange  of  technical  information.  The  Uilted  States  can  certednly 
benefit  fixm  the  st  ^’Xig  analytical  skills  of  its  counterparts  in  the  former  Soviet 
Uiion  and  the  exps^rienoe  th^  have  gained  in  successfully  operating  in  northern 
rivers  and  along  the  Northern  Sea  Route.  The  scientists  in  the  former  Soviet 
Uiion  can  equedly  benefit  from  the  explication  of  American  eguipnent  and  nranpit-^ 
technology  in  solving  ice  engineering  problems.  In  short,  vhile  resources  are 
limited  in  the  field  of  ica  mechanics,  the  capabilities  of  the  Uiited  States  and 
the  former  Soviet  Uiicn  cxmpleraent  each  CTther  well.  An  effort  shcxild  be  tnaA*  so 
that  these  cxuntries  may  work  together  in  this  area. 

The  goal  of  the  Ics  Mechanics  Workshop  was  to  facilitate  the  exchange  of 
technical  information  betweai  the  Uilted  States  and  the  Soviet  Uilon.  Although 
specialists  in  both  countries  had  made  great  efforts  to  ke^  abreast  of  each 
other's  achievanmits,  the  exchange  of  ics  technology  between  the  two  countries 
cxuld  be  characterized  as  pcor.  This  wes  primarily  due  to  language  barriers  and 
constraints  on  cxmnunication  and  distribution  of  literature.  Qft^,  several  years 
went  by  before  American  ^leclalists  learned  of  a  significant  discxivery  maA*  by 
their  Soviet  countecparts. 

The  participants  at  the  workshop  addressed  a  number  of  themes,  ranging  fixm 
the  b^vior  of  ioe  at  the  microscale  to  the  large-scale  dynamics  of  the  polar 
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padc.  Ihe  particdpants  disaisswl  both  Icng-range  reseeuxh  ItaonB  and  shart-tenn 
a{:{>lied  ioe  engineering  practices.  Ihe  diversity  of  the  wcodcshop  reflected  the 
varied  badoground  of  the  delegates. 


1.  Mechanical  Properties  of  Ioe;  A  number  of  pE^iers  were  presented  dealing 
with  the  mechanical  properties  of  ice,  including  uniaxial  conpnessicn  and 
tasicn,  and  confined  ooopression,  bending,  and  fracture  touchiness.  Data 
on  the  nechanicea.  properties  of  ice  were  considered.  Additionally,  testing 
tk^hniques  and  documentation  of  expropriate  ice  properties  were  addressed. 

2.  Ice  dynamics  and  prooessest  Large-scale  ice  dynamics  and  processes  were 
considered  incliading  the  acquisition  and  application  of  satellite  imagery; 
large-scale  properties  of  the  ioe  ccfver  such  as  floe  size  and  leed  patterns; 
pressure  ridge  processes  and  models;  ice  stress  measuraDoents;  bearing 
capacity  of  ice  sheets;  mechanical  profile  properties;  and  sea  ice  (^namics 
scdels  iihich  describe  and  predict  the  overall  b^iavior  of  the  ice  cxTver. 

3.  Ice-struc:ture  interaction:  Ice  forces  on  offshore  structures  were 
reviewed.  Presentations  were  given  on  prac±ic3es  employed  in  the  united 
States  to  derive  ice  design  criteria.  Specific  topics  included  the 
determination  of  local,  globed,  and  impact  ioe  loads.  Ihe  results  of  model 
basin  ioe  Indoitation  tests  were  adso  presented  and  discussed. 

4.  Modelim  ioe  behavior;  considerable  attention  was  focused  on  modeling 
ice  bdiavior  at  snail  scales.  Constitutive  models  were  presented  vhich 
describe  the  behavior  of  ioe  during  creep  and  brittle  fracture  for  both 
polycrystedline  ioe  and  single  ica  crystcds. 

5.  P^spectives  on  ioe  mechanics  and  engineering:  All  of  the  participants 
from  both  the  united  States  emd  the  Soviet  Uhion  obteiined  an  interesting  euid 
ocnprdiensive  perspective  on  ioe  mechanics  and  engineering  not  only  in  their 
respective  ocuntries,  but  in  the  world.  Ihe  American  delegation,  drawn  from 
academia,  govemnait  laboratories,  and  industry,  included  the  top 
researchers  in  ice  mechanics  in  the  cuuntry.  Ihroug^  formal  presentations, 
panel  discussions,  and  informal  gatherings,  the  participants  acr^uired  a 
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greater  aMareness  of  the  state  of  the  art,  and  okt2dnBd  a  oaneeneus  on  the 
inpcrtant  problems. 

6.  vuiuontian  »nd  tralnlna  of  loe  engineers;  Inclusion  of  representatlvee 
from  academia  and  industry  pennitted  fruitful  discussions  on  the  education 
and  training  of  ioe  engineers.  Topics  included  the  present  demand  for  ice 
engineers  and  the  2Klequaic^  of  the  tredning  idhich  potential  engineers  and 
scimitists  will  need  to  receive  to  meet  the  fixture  needs  of  industry  and 
goverrment. 


ZZ.  GEmmL  OBSESnOCEIONB 


[in  this  report,  some  infomation  is  included  that  is  based  upon  discussions 
between  the  American  delegation  chzdr  Dr.  Vlilford  We^cs  and  Dr.  Anatoly  Frolov, 
an  esgjert  on  pemaftost.  Dr.  Weeks  met  Dr.  ITolov  in  the  late  1970's  when  he  was 
a  visiting  scimitist  at  USA  Cold  Regions  Research  and  Digineering  Laboratory 
(CRREL)  in  Hanover,  New  Hanpshire.  JUst  prior  to  the  meeting  in  the  Soviet  Uiion, 
Dr.  ftolov  was  hosted  for  three  %ieeks  by  Dr.  Weeks  in  Faixdoanks,  Alaska.  later, 
^diile  Dr.  Wedcs  was  in  the  Soviet  Union,  he  had  the  opportunity  to  visit  with  Dr. 
Fbolov  on  two  different  occasions.] 

Ihe  Nationad.  Acadeny  of  Sciences  (NAS)  -  Academy  of  Sciences  of  the  USSR 
(ASUSSR)  Workshop  on  Ice  Mechanics  was  conducted  in  the  Soviet  Uhion  in  J\ine  16~ 
26,  1991.  Preparations  for  this  workdup  were  initiated  when  the  ASUSSR  suggested 
that  a  workshop  on  this  topic  be  included  in  the  larger  program  of  bilateral 
activities  on  technicad  topics  ^xnsored  by  the  two  academies.  Ihese  activities 
were  to  be  carried  out  within  the  framework  of  the  Workshop  provision  (Article 
m)  of  the  Agreement  on  Scientific  Oocperation  Between  the  NationaQ.  Acadeny  of 
Sciences  of  the  USA  and  the  Acadeny  of  Sciences  of  the  USSR  signed  January  12, 
1988.  Ihe  interacadeny  Protocol  of  Jaruary  31,  1990  called  for  this  specific 
workshop. 

Ihe  meeting  offered  a  rare  opportunity  to  gaun  insists  into  a  research  area 
in  \diich  the  Soviets,  historically,  have  had  a  strong  presence  and  in  vhich  there 
has  been  little  interaction  between  American  and  Soviet  specialists.  (Ihere  are 
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interesting  reasons  b^vind  this  pattern  will  be  discussed  in  a  later  section 
of  this  reixart.) 

Ihe  subject  of  ice  ...achanics  is  quite  bapoad,  enocqpassing  the  mechanical 
behacvior  glacier,  lake  and  sea  ice.  Ihe  Soviet  Uhion  possessed  strong  research 
pKxagrams  in  all  chese  sul^ects  for  years,  %flth  the  total  nunher  of  scientists  and 
engineers  ^'-ivolved  far  exceeding  its  equivalent  number  in  the  West.  The  reason 
for  the  Soviet  inters^  in  these  fields  is  clear:  the  USSR  had  significant  eqpplied 
probleoDS  in  the  snow  and  ice  area.  Ihis  country  also  had  extensive  eoqierienoe  in 
effectively  alleviating  a  large  number  of  such  problens.  The  amount  of  contact 
between  Soviet  and  Western  scientists  in  the  dif fer»it  sub-areas  of  ice  mechanics 
has  been  quite  varied,  with  contacts  in  the  area  of  glaciers  and  large  ice  sheets 
and  shelves  being  reasonably  coonon.  This  area  of  ice  mechanics  was  largely 
carried  out  within  the  Department  of  Geography  of  the  ASUSSR  (now,  the  Russian 
Academy  of  Sciences) .  Its  focus  vas  generally  pure  science  %d.th  little  imaediate 
education.  (Reooitly  though,  the  climatic  aspects  of  ice  cores  have  achieved 
considerable  interest  within  the  world  climate  oonmunity) .  It  should  also  be 
noted  that  much  of  this  work  was  focused  on  the  Antarctic. 

Soviet  researchers  in  other  aspects  of  ice  mechanics,  and  those  active  in 
sea  ice  studies  in  particular,  have  had  considerably  less  contact  with  the  West. 
In  fact,  over  a  36-year  period.  Dr.  Weeks  has  had  the  opportunity  to  meet  only 
three  or  four  Soviet  ice  mechanics  Epeci£d.ists.  This  isolation  lias  been 
particularly  true  for  scientists  &cn  the  largest  organization  active  in  Soviet 
sea  ice  research,  the  Arctic  and  Antarctic  Research  Institute  (AARI)  in  St. 
Petersburg.  Similar  remarks,  hcwever,  mic^  be  made  concerning  other  smaller 
grxxqps  that  carry  out  programs  in  lake  and  river  ice  research. 

Why  is  this  the  case?  In  the  sea  ice  field,  the  answer  eqppears  to  be 
obvious.  Groups  that  have  a  thorough  understanding  of  sea  ice  mechanics  have  a 
definite  advantage  in  analyzing  certain  scientific  problems  related  to  climate 
change  in  the  polar  regions.  More  iiqportantly,  understanding  sea  ice  mechanics 
is  necessary  to  understanding  the  effects  of  ice  forces  on  offshore  structures  - 
a  problem  that  is  essential  to  the  safe  development  of  the  large  oil  and  gas 
reserves  that  are  presumed  to  lie  beneath  the  pack  ice  on  the  continenteO.  shelf 
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of  tiie  Arctic  Ocsean.  (The  fanner  Soviet  Union's  continental  shelf  is  the  lai^^est 
in  the  trarld.  Its  potential  for  major  oil  and  gas  producticn  is  believed  to  be 
extremely  high.)  Of  particular  Interest  here  is  the  Northem  Sea  Route,  a 
critical  si^ly  line  to  ports  in  the  northem  parts  of  the  fanner  Soviet  Uiicn. 
Since  this  route  transits  the  margins  of  the  Arctic  Ocean,  ice  is  a  major  problem 
during  scst  of  the  resi^ply  season  (This  activity  has  developed  into  an  almost 
year-around  operation  over  the  past  few  years. ) 


Even  more  inportant,  however,  is  the  fact  that  the  understanding  of  sea  ice 
properties  and  behavior  was  very  important  to  the  submarine  arm  of  the  Soviet 
Navy.  In  recent  years  the  Soviet  Navy  developed  a  unique  strategy  (the  so-called 
Arctic  Bastion  Strategy)  concerning  the  deployment  of  their  missile-launching 
submarines  (SSBTte) .  Descriptions  of  the  general  a^iects  of  the  Soviet  bastion 
strategy  have  recently  been  published  in  journals  such  as  Janes.  In  acoordanoe 
with  the  Arctic  Bastion  Strategy,  the  Soviets  d^loyed  their  SSBNs  underneath  the 
pack  ice,  there  once  on  station,  they  were  able  to  reduce  their  noise-making 
activities.  Becoming  essentially  invisible  in  acoustical  terms,  the  SSBNs  would 
tait  for  a  message  to  launch  their  missiles.  If  so  instructed,  they  would  only 
have  to  move  to  the  nearest  open  lead  to  launch  their  missiles.  It  should  aim 
be  noted  that  sea  ice  lessens  the  effectiveness  of  sQmost  every  type  of 
anti-submarine  system.  Thus,  locating  submarines  that  are  deployed  aooording  to 
this  strategy  becxmes  very  difficult. 

Perheps  the  most  important  consideration  vhen  discussing  Soviet  ice 
mechanics  research  is  that  the  Soviets  viewed  the  ice  covered  seas  to  their  north 
as  an  integral  part  of  their  territory.  This  is  the  so-cedled  pie  theory  of  the 
Arctic,  with  the  very  large  Soviet  part  of  the  pie  extending  all  the  way  to  the 
North  Pole.  Thus,  vhen  one  starts  discussing  arctic  sea  ice  research,  one  is 
indirectly  dealing  with  capabilities  that  in  the  Soviet  view  related  to  vit^d 
eocnomic  routes,  problems  of  naval  security,  and  territorial  prerogatives.  Since 
the  Soviets  viewed  their  capabilities  in  the  arctic  seas  to  be  superior  to  those 
of  the  Western  countries,  they  were  not  eager  in  the  past  to  undertake  joint 
research  in  fields  such  as  ice  mechanics.  The  Soviet  scientists  working  in  these 
fields  were  rarely  eillcMed  to  attend  scientific  meetings  outside  the  USSR,  nor  to 
develop  cooperative  programs.  Therefore,  the  Soviets'  list  of  suggested  topics 
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for  this  WQclcshop  created  an  \incharacteristlc  opportunity  to  discuss  subjects  that 
are  directly  zqpplicable  to  ships  operating  in  ice,  to  natural  mechanical  processes 
in  sea  ice  covers  such  as  ridge  and  rubble  formation,  to  ice  farces  on  offshore 
structures,  to  techniques  for  modeling  ice  bdiavior,  and  to  more  fundamental 
aspects  of  the  deformation  and  fracture  of  ice. 

Some  of  the  Soviet  vnrkshop  participants  contributed  to  this  unusuad 
atmosphere.  For  instance.  Dr.  G.  A.  Lebedev's  group  from  AARE  is  known  to  be 
heavily  involved  in  aspects  of  the  geophysics  of  sea  ice  that  %mre  of  direct 
applicability  to  the  problems  of  the  Soviet  submarine  fleet.  (Dr.  Lebedev  is  the 
successor  to  Dr.  V.  V.  Bogorodskl  died  of  a  heart  attack  a  few  years  ago. 
Dr.  Bogorodski  was  an  extremely  prolific,  hi^  quedity  scientist  who  contributed 
to  acoustic,  remote  sensing,  ice  property  and  ice  penetration  research.  Heobers 
of  his  group  suui  as  Dr.  V.  P.  Gavrilo  are  outstanding.)  Althou^  Dr.  Lebedev 
himself  is  not  as  well  known  as  the  other  menbers  (to  date  he  hcus  not  published 
as  extensively),  he  nevertheless  appears  to  be  quite  capable.  During  the 
workshop,  he  was  present  whenever  policy  matters  were  discussed,  raised 
interesting  points  during  the  discussions,  aind  eaqiressed  much  interest  in  joint 
research  programs. 

TNrio  of  the  other  Soviet  groips  vdiich  partic^Jated  in  the  workshop  aisr>  had 
obvious  ties  to  the  Soviet  navy:  the  Krylov  Ship  Research  Institute  (with  its 
extensive  model  basins)  and  the  Leningrad  State  university  of  Ocean  Technology 
(which  tradns  navad  architects  and  engineers  -  maiy  of  whcm  eventually  work  on  or 
with  submarines) .  Ihese  topics  will  be  addressed  in  further  detail  later  in  this 
report. 

HZ.  waRKsanp 


IXoring  the  Ice  Mechanics  Workshop,  four  days  were  strictly  devoted  to 
presaitations.  The  American  presentations  were  quite  varied  with  heavy  emphasis 
on  eaperimentad  and  numerical  modeling.  IDoportance  was  placed  on  read-world 
cbeervations  and  read  problems  -  not  surprising  in  that  the  U.S.  delegation 
oontadned  severed  scientists  from  oil  occpanies,  as  well  as  contractors,  who  had 
esperienoe  with  offshore  operations.  In  contrast,  the  Soviet  presentations  were 


6 


generally  heavy  on  theory  and  anEdytlceO.  procedures.  Consequently,  many  of  the 
approaches  e^peared  to  be  sonebiiat  unrealistic,  eqpeciedly  uhen  closed-fora 
solutions  were  offered.  (Diis  was  coanonly  aooonplished  by  setting  vp  probleDs 
that  were  artificial  trca  the  start.)  Given  limited  ocnputing  cepabilities  and 
the  fact  that  the  Soviets  have  historicadly  beei  leaders  in  finding  such 
closed-fora  solutions,  many  of  the  Soviet  authors  zgppeared  to  be  reluctant  to 
consider  actued  field  conditions.  Moreover,  the  eapertise  of  the  Institute  of 
Mechaniced  Problems  (IW)  of  the  ASUSSR  (now,  the  Russian  Academy  of  Sciences)  lies 
with  theory.  Ihe  result  was  that  some  of  the  Soviet  ice  dynamic  presentations 
used  approaches  that  edreeK^  had  been  tried  and  dispensed  with  in  the  West. 

At  the  meeting,  oonnunicatians  %iere  sometimes  stredned  given  the  difficult 
job  of  interpreting.  Interestingly,  %ihereas  most  of  the  ADoerican  participants  did 
not  speak  Russian,  a  few  of  the  Soviets  spoke  excellent  English  and  many  of  then 
appeared  to  have  some  understanding  of  the  language. 


At  the  start  of  the  meeting.  Dr.  K.  V.  Frolov,  vice  presidmt  of  the  ASUSSR 
(currently  a  vice  president  of  the  Russian  Academy  of  Sciences) ,  stressed  that  it 
was  important  to  fora  a  permanent  US/USSR  committee  on  the  subject  of  ice 
mechanics  and  climate.  He  felt  that  this  was  a  sul^ect  of  importance  to  both 
countries  that  required  significant  additioned  research.  He  hoped  this  peraanent 
cxnmlttee  would  develop  a  system  of  projects  and  grants  in  a  manner  similar  to 
that  of  the  Soviet-^dedish  joint  program.  He  added  that  ice  mechanics  research 
needed  improved  visibility  and  financing  even  in  the  Soviet  Uhion.  As  an  aside. 
Dr.  Frolov  sugrgested  to  Dr.  Wedcs  that  a  letter  be  written  to  the  National  Acetdemy 
of  Sciences  and  to  the  tkitloned  Science  Foundation  about  these  opportunities,  and 
that  a  copy  of  ary  such  letter  be  given  to  him. 


On  the  second  day  of  the  workshop,  several  of  the  American  participants  were 
cedled  into  a  short  meeting  in  the  Office  of  the  Director  of  IW  concerning  the 
writing  and  signing  of  a  joint  memorandum.  In  this  meeting,  and  in  the  memorandum 
meetings  that  follcwed.  Dr.  Igor  Vaslljev,  who  eppeared  to  have  considerable 
esperienoe  with  such  arrangements,  represented  the  Soviet  delegation  and 


Cr.  Goldstein  the  American  delegation.  Although  the  AmerlcEui  %earicEiiQp 
participants  stressed  that  they  did  not  have  the  authority  to  make  oonmitmBnts  on 
behalf  of  the  NAS  or  any  U.S.  govemnart  organization,  the  Soviets  though  that 
tMs  memarandum  was  still  most  isportant.  (See  Jppendix. ) 

It  was  agreed,  however,  that  cooperative  work  was  in  everyone's  best 
interest  and  that  everything  possible  that  could  be  done  to  support  this 
Initiative  should  be  done.  The  repres«[itatives  of  the  oil  and  gas  ocapanies  at 
the  meeting  were  very  positive  and  gave  strong  support  to  such  a  manorandum. 
Moreover,  they  stated  that  they  would  be  able  to  provide  at  least  partial 
financial  sipport  for  the  activities  of  the  proposed  oouDdttee,  %^oh  would  be 
conposed  of  five  scientists  fixm  each  country.  Ihe  experience  could  be 
illvmdnating  for  both  sides. 

V.  SlUS  VISITS 


Krvlov  Ship  Research  Institute 

Founded  In  1894,  Krylov  is  extremely  large  in  size  and  scope.  Evident  by 
the  variety  of  models  of  warsh^js  on  display,  this  institute  did  considerable  work 
for  the  Soviet  Navy.  Its  projects  vary  widely  and  deal  with  modeling,  nuclear 
powered  ships,  deep-sea  submersibles,  hydrofoils,  and  hovercraft.  Ihe  institute 
also  works  for  foreign  firms  and  is  interested  in  acquiring  additional  foreign 
business.  Moreover,  Krylov  offers  short-term  seminars  (2-3  days)  on  specific 
subjects  and  is  considering  making  these  lessons  available  to  foreigners.  In 
addition.  It  sppears  that  the  institute  conducts  investigations  that  contribute 
to  specific  sh4>  designs,  but  does  not  do  the  actued  designs  itself.  Similarly, 
Krylov  conducts  investigations  of  materials,  though  it  does  not  develop  new 
materials.  Ktylov's  staff  includes  60  Fh.D.s  and  approximately  500  D.Sc.s. 

Ihcuc^  the  NAS  delegation  toured  some  open  water  basins  and  Krylov's  ice 
tank,  only  the  latter  will  be  discussed.  Ihe  head  of  the  ice  model  basin. 

Dr.  vaiery  Belyashov,  gave  the  primary  presaitaticn.  Acoording  to  Or.  Belyashov, 
the  institute  xises  saline  ice  to  siiulate  natural  sea  ice,  and  recently  has  been 
focusing  on  problems  relating  to  propeller  design  for  icebreakers.  Ihe  Soviet 
presentations  on  this  subject  were  very  impressive  and  the  anedysis  very 
sophisticated.  Ihe  American  grxxp  was  net  aware  of  similar  work  on  propellers 
being  undertaken  in  the  West.  Ihe  facility  itself  was  in  good  sheqpe  and  was  being 
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eoctenBlvely  used.  Hcwever,  it  Should  be  noted  that  the  data  logging  ecpiipoent 
{qppeated  to  be  old  and  outdated  by  s^sprcodoately  20  years. 

It  would  be  very  interesting  for  Western  industry  to  give  Krylov  a  snail 
testing  contract  to  see  how  easy  it  would  be  to  woric  together.  Ihere  nay  be 
FEchlens  with  secrecy,  as  this  was  the  one  laboratory  where  pictures  were  not 
allowed  to  be  talcen.  If  a  decision  relates  to  the  collection  of  data  in 
sensitive  areas  (such  as  the  seas  north  of  the  Russian  mainland) ,  Dr.  NiJcolay  P. 
laverov  Should  be  addressed.  Dr.  Laverov  served  on  the  cabinet  of  Ministers  of 
the  USSR  and  the  State  Onmnittee  on  Science  and  Technology  of  the  USSR.  At  the 
tine  of  this  worksho|>,  he  was  edso  the  Chedr  of  the  Oomnission  on  Arctic  Problens 
of  the  Academy  of  Sciences  of  the  USSR.  According  to  Dr.  FTolov, 

Dr.  laverov  is  the  senior  official  \ho  clearly  has  the  authority  to  make  such 
decisions.  As  a  geologist.  Dr.  laverov  can  understand  the  technical  ifmvYT 
involved  in  such  projects.  In  this  case,  the  difficulty  is  in  trying  to  meet  with 
such  a  highly  placed  individued. 

In  the  future,  a  serious  attenfjt  ^nuld  be  nade  to  develop  a  significant 
joint  program  with  Kcylov.  The  institute  has  both  the  data  and  the  eoqperience. 
The  Krylov  scioitists  would  seem  to  welcome  a  program  such  as  this,  and  the 
American  scientists  would  learn  ouch  in  this  area.  The  cooperation  would  not  be 
easy  to  arrange,  but  it  certainly  could  be  worth  the  effort.  However,  some  care 
would  clearly  have  to  be  takmi  to  minimize  the  concerns  of  all  parties. 

Leningrad  state  Uhiversitv  of  ocean  Technology 

This  university  trsdned  most  of  the  Soviet  naval  architects  and  engineers. 
The  Rector  of  the  Uhiversity  gave  a  fascinating  talk  regarding  his  institution. 
The  university  has  specialists  in  five  medn  areas: 

1)  geoenl  studies  (math,  physics,  materials,  chemistry), 

2)  shiphuilding/ooean  enginoerinj, 

3)  machinery, 

4)  electzanies  (the  largest  group) , 

5)  managesieut  and  economics. 
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Its  budget  is  about  30  loillicn  rubles,  of  uhich  two-thirds  ocnes  fron  the 
state.  Ihe  outside  funding  of  10  adllion  rubles  ocnes  frtae  the  military  (10%)  and 
fron  industry  (90%).  (Most  of  this  taxtey  is  not  far  acienae.)  Recently,  the 
su{]{»rt  for  basic  research  has  been  drying  Ihe  university  used  to  have, 
roughly  stated,  3  million  rubles  for  basic  research,  but  now  has  only  one-tenth 
of  that  amount.  Ihe  rector  edso  expressed  oonoem  about  losing  the  best  of  the 
university's  staff  members.  [The  university  currently  has  50  ohedrs,  78  full 
professors  (D.Sc.)  and  300  Candidates  of  Science.] 

Having  foreseen  these  financial  difficulties,  the  university  cut  its  student 
body  fron  1225  per  year  to  750  per  year.  At  present,  the  institution  graduates 
only  about  500  studmtts  per  year.  A  large  peroaitage  of  its  graduates  in  the  past 
went  to  work  designing  and  building  submarines,  but  now  that  the  demand  for  this 
is  low,  there  is  no  need  for  as  many  graduates.  The  rec±ar  stated,  "We  would 
design  one  and  they  would  build  one  or  two  of  them,  and  the  next  thing  you  know 
they  wanted  another  design,  lhat  took  a  lot  of  people.  However  two  to  three 
years  ago,  the  order  book  for  new  submarines  went  to  zero;  thus,  we  figured  that 
the  demand  for  our  graduates  would  be  less  and  we  started  cutting  back."  The 
university  has  now  started  Its  own  enterprise  by  producing  items  invented  by 
faculty  members.  The  rector  e^ipeared  to  be  rather  pleased  with  these  activities 
which  were  showing  considerable  promise  and  profit. 

The  rector  a^^eared  to  be  very  interested  in  developing  cxx:perative  woKk 
with  U.S.  universities  and  ccmpanies.  Presently,  the  university  has  a  program 
underwty  idth  Worcester  Polytechnic  Institute  in  Massachusetts  (WPI) .  In  this 
program,  WPI  sends  students  in  the  s(x;ial  sciences  and  languages  to  Leningrad 
State  Uhiversity,  v^ch,  in  turn,  uses  the  hard  currenty  obtained  from  this 
exchange  to  si^^port  its  science  and  engineering  professors  when  th^  ^>end 
sabbaticals  at  WPI,  Clearly,  the  rector  wants  his  staff  to  go  abroad  to  broaden 
their  interests  and  to  increase  their  knowledge  of  the  latest  technology.  On  the 
other  hand,  he  does  not  want  lose  all  of  his  best  people.  He  feels  that  the 
university  is  in  a  crisis  situation  at  present,  and  that  it  will  be  difficult  both 
to  survive  and  to  maintain  high  standards.  His  vision  of  the  university's 
research  enrhasis  during  the  next  5  years  is  as  follows: 


1)  aatarials  (^)eclal  steels  for  reac±orB,  iqproved  ecsuipnent  and 
technology  for  luclear  stations  to  enhance  their  reliability.  Materials 
vith  shape  Msnocy) , 

2}  ■odeliiig  of  peocesses  [Ihe  university  needs  better  ocnputer  facilities 
and  better  and  More  specialized  software.  ] , 

3)  BSHiIrmduntnrs  for  acoustics, 

4)  gecpiqfsias  (studies  at  0.1  to  0.2  Hz)  [This  leadc  was  started  for  the 
Military,  but  is  now  believed  to  have  sone  iiportant  civilian 
2pplications.  ] , 

5)  propulsion  (with  enphasis  on  reducing  noise) , 

6)  new  power  s^stens  utilizing  tydrogan, 

7)  eleetzonies  [Roug^y  one-third  of  the  university  is  focused  on  this  at 
present.]. 


ftom  this  list  of  research  topics,  it  is  clear  that  tiie  university  vaa  still 
perforffling  significant  work  for  the  Soviet  Navy. 


After  the  rector's  presentation,  the  NAS  delegation  grcftp>  given  a 
facilities  tour  by  Professor  L.  I.  Slepian. 

Arctic  and  Antarctic  Research  Institute  (AARIl 

Ihis  70-year  old  institute  with  a  staff  of  2,000  runs  six  ships,  several 
Antarctic  research  stations,  and  one  to  two  drift  stations  in  the  Arctic  Ocean. 
(It  is  housed  in  a  relatively  new  building  of  at  least  ten  stories.)  The 
American  delegation  found  AARI,  tdiich  belongs  to  the  Hydrcneteorological 
(Gidrometeorolzdat)  Ministry,  oo  be  quite  different  from  the  universities  and  the 
institutes  of  the  Acadeny  of  Scimioes.  Dr.  Y.  E.  Nikiforov,  Assistant  Director 
of  AARI  (himself  a  theoretician  \dx>  in  mmericeQ.  modeling)  and  Dr.  Sergey 
Karpddn,  Deputy  Director  of  AARI,  addressed  the  delegation.  Dr.  Nikiforov  stated 
that  the  Soviets  knew  American  results  better  than  the  American  scientists  knew 
the  Soviet  results.  He  also  suggested  that  Soviet  work  (presumably  in  ice 
c^namics  modeling)  was  better  than  the  American  work. 

AARI's  principal  interests  ar^  xo.  as  a  material  and  the  physioEd  and 
mechanical  properties  and  c^namics  of  natural  ice  covers.  Research  areas  of 
particular  interest  to  the  institute  also  include  the  ranote  sensing  of  ioe 
covers,  relations  between  the  structural  and  electromagnetic  properties  of  ioe. 
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and  the  influmoe  of  ice  on  engineering  structures  including  ships.  (AARI  woria 
closely  with  the  Ncrthem  Sea  Route  Administration. )  In  general,  the  institute's 
research  «qp|aroaches  are  similar  to  those  of  the  West.  The  split  between 
laboratory  and  field  studies  is  roug^y  50/50,  but  80%  of  the  funding  goes  to 
field  programs  because  of  the  hi^  cost  of  logistics. 

Dr.  NUclforov  answered  a  number  of  questions  that  were  posed  to  him  by  the 
NAS  delegation.  An  interesting  exchange  tock  place  and  is  sunoarlzed  as  follows: 

Qt  Is  AASZ  interested  in  infomnation  exchanges? 

A:  Yes,  but  such  exchanges  must  be  specified  in  a  joint  agreenent.  AARI  has 

similar  bureaucratic  problems  to  organizations  in  the  U.S. 

Q:  Is  the  fact  that  AARI  belongs  to  the  Hydremetearologioal  Ministry  inportant? 

A:  Yes.  To  deed,  with  AARI,  it  is  probably  necessary  to  sign  a  separate 

agreement  with  the  Ministry.  Without  this  step,  it  is  doubtful  that  AARI 
would  receive  the  funding  necessary  to  honor  the  agreement.  [It  was  implied 
that  an  agreement  with  the  ASUSSR  did  not  carry  much  weight  with 
Gidrometearolzdat.  ] 

Qt  Would  you  oonsider  undertaking  a  joint  research  program  on  ioa  fracture  and 
acoustic  noise? 

A:  No. 

Q:  Do  you  have  detailed  inf annation  on  sea  ioa  oonditicns  in  the  Soviet  seas? 

A:  Yes.  However,  we  cannot  release  such  information  to  you  without  q)ecific 

permission  from  our  Ministry. 

Q:  During  recent  years  AARI  has  ocsmonly  operated  two  drifting  stations  in  the 

Arctic  Basin.  At  present,  only  one  station  is  operating.  Do  you  plan  to 
operate  one  of  two  stations  in  tbs  future? 

A:  We  have  cut  back  to  one  station  because  of  funding  limitations.  [This  left 

the  opportunity  for  AARI  to  return  to  two  stations  it  can  afford  it.  ] 
Qi  Recently  there  have  been  several  papers  pUbliJied  in  the  Western  literature 
which  have  examined  the  extent  of  the  arctic  ioe  pack  to  sea  if  there  are 
ary  temporal  trends  that  oould  be  associated  with  a  greenhouse  effect. 
Based  on  your  extensive  esqpecieaoB,  have  you  discovered  ary  systematic 
decrease  in  overall  sea  ioe  extent  in  the  Arctic? 

A:  No.  However,  the  variations  from  location  to  location  and  from  year  to  year 

are  very  large. 
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Qs  Vhiob  is  «asi«r,  joint  soadc  in  tbs  Arctic  or  in  tbs  Antarotios? 

A:  Joint  vock  in  the  Antarctic  is  iBx:h  easier.  [In  fact,  a  joint  U.S./U.S.S.R. 

drift  station  is  planned  for  tbe  Weddell  Sea  during  1992.  Recently,  NSF  has 
signed  a  cooperative  agxeenent  with  the  Soviets  for  work  in  snow  and  ice 
engineering  related  to  the  operation  of  stations  in  the  Antarctic.  This 
should  be  contrasted  with  the  fact  that  U.S.  scientific  parties,  which  were 
planning  to  utilize  a  Soviet  icebreaker  crtiise  frcn  Nuraansk  to  the  Bering 
Strait  via  the  North  Pole,  have  been  informed  that  no  science  can  be  carried 
out  on  the  cruise.  This  is  deqpite  the  fact  that  the  cruise  was  a  Soviet 
initiative  %rLth  a  ticket  price  of  roughly  $20,000  for  each  U.S.  Investigator 
and  that  the  det£d.ls  of  the  U.S.  science  program  had  been  known  to  tiie 
Soviets  for  some  time.] 

Following  this  discussion,  the  NAS  delegation  toured  the  AARI  ice  tank.  The 
tank,  idiich  like  Krylov  \ises  sedt  ice  to  simulate  sea  ice,  is  only  two  years  old. 
It  is  the  successor  to  AARI's  origined  tank  (which  was  apparently  tiie  first  ice 
tank  in  the  world).  The  tank  dimmisions  are  40  meters  by  5  meters  by  2  to  7 
meters  (in  depth).  The  Soviets  can  freeze  the  ice  at  two  different  rates 
dqiending  upon  whether  they  use  the  cooling  coils  on  the  ceiling  (slow  freezing) 
or  a  covering  system  which  provides  an  air  tnrperature  of  roughly  *'25  degrees  C. 
Once  the  required  ice  thicdoiess  is  achieved,  the  sciartists  warm  the  room's 
temperature  to  get  the  proper  values  for  the  ice  strength  and  elastic  modulus. 

Though  Dr.  Nikolaev  is  e^iparently  in  charge  of  the  tank.  Dr.  Vladimir 
LiJdicmanov  gave  the  presentations.  There  was  no  ice  in  the  tank  \hen  the  NAS 
delegation  visited  the  premises. 

Although  e^jparently  new,  the  tardc  did  not  e^ipear  to  be  in  the  best 
condition.  Dr.  Weeks  asked  about  the  Soviet  esqierience  with  using  salt.  (Western 
labaratories  have  largely  discontinued  its  use  because  of  severe  corrosicn 
problans) .  The  Soviets  replied  that  they  used  special  nist-proof  materials  and 
therefore  did  not  anticipate  such  problems.  (It  was  noted,  however,  that  there 
was  already  thick  rust  present  edl  over  the  tank.)  There  was  an  impression  that 
the  Soviets  had  not  used  this  tank  a  great  deed,  and  one  of  the  Soviet  specialists 
confirmed  that  they  did  not  have  many  requests  for  studies.  Oonparatively,  the 
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MRI  tank  did  not  seen  to  be  as  iii(iressive  as  the  Krylov  facility. 

Ihe  NAS  delegation  could  have  easily  speit  nore  tine  at  AARE.  There  uas 
unfortunately  no  opportunity  for  a  visit  to  the  ioe  reoormaissanoe  group  that  is 
located  on  the  ei^th  floor  of  AARI.  This  grotp  has  eagierinxie  operating  a  sea 
ioe  thickness  radar  with  reportedly  very  impressive  results.  But  even  during  the 
brief  visit,  sene  interesting  discussions  were  carried  out  with  Dr.  Gavrilo 
regarding  renote  sensing.  Dr.  Ldsedev's  group  clearly  wants  to  heexme  involved 
in  a  cooperative  ice  structure-ice  properties  (electriosd  and  nechanical)  renote 
sensing  program.  In  fact.  Dr.  Lebedev  qaecifically  stated  this  desire.  As  a 
result.  Dr.  We^  plans  to  propose  such  a  cooperative  program  including  a  joint 
field  operation.  Dr.  Wedcs  naintained  that  this  type  of  program  would  not  be  easy 
to  arrange  even  \tfith  the  best  %dll  on  both  sides,  since  many  people  in  addition 
to  the  sciaitists  must  epprove  American-Soviet  cooperation  in  this  field.  He 
added  that  perhaps  this  kind  of  cooperation  could  only  be  acoenplished  in  the 
Antarctic.  Nevertheless,  he  believes  such  an  initiative  should  be  attenpted. 

There  is  little  doubt  that  AARI  is  where  the  read  eaperiaioe  lies  concerning 
Soviet  research  in  ice  structure,  ice  properties,  and  ice  applications  of  remote 
sensing.  In  the  area  of  offshore  design,  the  espertise  agppears  to  be  more 
diffuse.  This  is  particularly  true  as  the  result  of  the  recent  death  of 
Dr.  Kheisin  tho  was  AARI's  top  ejpert  on  this  sul:^ect. 

Leningrad  State  Technical  Dhiversitv 

This  university,  vhich  has  graduated  140,000  engineers,  houses  several 
different  institutes  and  56  departments.  Its  staff  includes  7  academicians  and 
12  oerresponding  members  of  the  Acarleny,  2,000  teachers,  and  professors  (1,100 
Fh.D.s  and  250  D.Sc.s) .  The  current  student  body  is  ocitposed  of  20,000  students 
ineduding  1,200  foreign  studaits.  Approximately  one-third  of  its  program  is 
conducted  in  the  evening.  The  university  largely  re^xxxSs  to  the  plans  of  the 
Acadesy  of  Sciences.  In  the  past,  the  govemnent  only  required  that  the 
university  prepare  students  and  conduct  research.  Now,  in  addition  to  its  other 
tasks,  the  university  must  carry  out  business  operations  since  it  does  not  receive 
adequate  funding  from  the  State. 


Professors  Shkhin^,  Simakov,  Rosen,  Sokolov  and  Bogolov  gave  presentations 
to  the  NAS  delegation  that  were  largely  focused  on  theoretical  considerations. 
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Rxxfessor  Boeoi  stated,  'KXir  mathanatics  is  the  best  in  the  world  and  we  are  very 
irwqjensive  to  support  with  foreign  currency."  ihe  latter  part  of  his  statenent 
is  unquestionably  correct.  At  present,  working  scientists  get  paid  3000-4000 
rubles  per  month,  at  the  September  1992  exchange  rate  of  215  rubles  per 
dollar,  equals  approodmately  $18.60  per  month. 

Ihe  HAS  delegation  watt  on  to  tour  sene  of  the  laboratory  facilities  which 
tmre  goierally  in  the  field  of  ocean  engineering  and  were  not  that  advanced  by 
Mastem  standards.  Ihere  was  no  doubt  that  the  professors  to  when  the  NAS 
delegation  talked  were  very  interested  in  cooperative  work  of  any  ^pe. 

yi,  caxsjJSJSXB _ 


Evidattly,  Russian  universities  and  institutes  [that  have  cone  under  the 
purview  of  the  ASUSSR]  have  been  told  to  make  Western  contacts  and  to  undertake 
joint  programs  for  the  purpose  of  obtedning  hard  currancy.  Ihey  are  trying  hard 
to  do  just  this  in  order  to  pay  for  their  scientists  and  necessary  supplies.  The 
transition  to  a  more  open  eooneny,  however,  is  going  to  be  particularly  difficult 
for  the  research  connunity  in  the  former  Soviet  union.  There  seeoDS  to  be  a 
Soviet  misconception  that  American  scientists  are  extranely  %^1  funded.  Mien 
Dr.  flolov  visited  university  of  Alaska  at  Fairtardcs,  for  exanple,  he  initially 
fiftemed  to  think  that  addltioned  research  funds  could  be  easily  obtedned. 
Qnsiderable  effort  was  undertaken  to  eqilain  the  reed  situation  in  U.S.  scienoe. 
He  esqiressed  surprise  and  amazement  at  the  recent  rqxirts  on  Eaizban>>s'  funding 
levels  and  patterns.  Dr.  Frolov  and  his  knowledge  of  the  U.S.  scienoe  structure 
seems  to  be  the  exception.  The  vast  majority  Soviet  scientists  when  the  NAS 
delegation  met  \ddle  in  the  USSR  appeared  to  hold  unrealistic  eoqpectations  of  the 
possibilities  for  U.S.  si;pport  for  Soviet  Kiienoe.  On  a  similar  note,  the  Soviets 
may  not  understand  idiat  would  be  eiqiected  of  them  ehould  they  receive  such 
funding.  (This  would  be  e^iecially  true  if  they  were  to  receive  funding  from 
private  cenpanies  idiere  instant  performance  is  assumed  and  where  cenpany  engineers 
look  over  their  researchers'  shoulders.) 

The  level  of  output  of  Soviet  scientists  was  different  than  tiie  level  in  the 
united  States.  This  was  exemplified  by  visits  to  large  Soviet  organizations  that 
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cqploy  far  more  scientists  in  the  general  area  of  ice  and  snov  research  than  are 
enployed  in  all  U.S.  and  European  institutions  oambined  together.  The  output  of 
these  Soviet  grotps  was  soall,  and  in  many  cases  not  as  groundbreaking  as  it  could 
be,  given  the  fact  that  sone  of  the  key  issues  in  the  field  were  not  being 
addressed.  (Many  Soviet  papers  would  not  have  bean  approved  by  peer  reviewers  in 
the  Nest.)  However,  in  the  most  recent  publications  of  AARI,  there  has  been  a 
significant  change.  The  papers  have  started  presenting  detadls  with  charts, 
tables,  graqphs  and  naps.  This  acndawic  approach  is  an  encouraging  development. 

In  their  efforts  to  secure  hard  currency,  the  different  Soviet  organizations 
are  clearly  in  head*-to-head  conpetition  with  eaich  other.  If  one  wishes  to  arrange 
a  cooperative  study  with  a  theoretician  or  an  eaperinentalist  at  either  a 
\aiiversity  or  an  Acadeny  institute,  a  few  problems  would  most  likely  arise.  The 
most  difficult  problem  would  probably  be  to  obtain  funding.  (In  this  area,  the 
one  exception  among  the  institutes  that  were  visited  by  the  NAS  delegation  was 
AAKC.  This  may  siaply  be  because  AARI  is  in  a  govemnmit  ministry.)  Given  the 
political  and  military  saisltivity  of  the  Arctic  Ocean  and  its  peripheral  seas, 
the  possibilities  of  joint  research  is  oonpllcated.  Another  problem  is  that 
scientists  never  seem  to  have  the  opportunity  to  directly  discuss  the  research 
issues  with  the  people  viho  have  the  ultimate  decision  making  authority  in  these 
areas. 


It  is  worth  noting  that  the  f  ineiL  smitenoe  in  the  second  paragreph  of  the 
memorandum  of  cooperation  is  as  follows:  "It  is  further  suggested  that  the  U.S. 
National  Science  Foundation  and  U.S.S.R.  Academy  of  Sciences  add  the  suk^ect  area 
of  ioe  mechanics  to  its  epproved  list,  'Scientific  Problems  of  the  Arctic  and  the 
North'  that  are  considered  as  eppropriate  for  U.S.-U.S.S.R.  cooperation  in  the 
field  of  Basic  Scientific  Research."  Although  it  was  repeatedly  pointed  out  that 
NSF  had  removed  the  restrictions  on  subjects  that  could  be  considered  \s)der  this 
program,  the  Soviets  were  adamant  that  such  a  statement  be  included.  They  had 
evidently  found  such  restrictions  to  be  a  hindrance  in  the  past. 

The  NAS  delegation  attempted  to  make  the  memo  as  flexible  and  as  sinple  as 
possible.  It  was  gmierally  felt  that  activities  carried  out  under  the  memo  would 
be  focused  and  implemented  by  small  groips  of  ^)ecialists.  It  was  also  epparent 
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that  the  Soviets  felt  that  the  memo  %iould  make  it  easier  for  their  institutes  to 
interact  %dth  American  oil  ooDpanies.  The  hcpe  was  to  have  the  memo  signed  by  the 
time  the  NAS  delegation  left  the  U.S.S.R. ,  taut  this  did  not  prove  to  be  possible. 

The  poor  medntenanoe  and  construction  of  the  Soviet  institutes  contributed 
to  the  overall  gloomy  mood  of  the  Soviets  scientists.  The  next  few  years  will 
undoubtedly  be  difficult  for  scientists  in  the  former  Soviet  Uhion.  Mutually 
advantageous  scientific  exchanges  and  joint  research  programs  would  clearly  aid 
the  science  oonmunity  in  the  former  Soviet  Union.  It  is  the  opinion  of  the 
American  delegation  ohzdr  that,  in  areas  such  as  ice  mechanics  %Aiere  the  Soviets 
have  had  so  much  esperlenoe,  well  designed  research  collaboration  could  be  very 
beneficied  scientifically  and  even  cost  effective  for  the  United  States.  Such 
joint  programs  should  receive  significant  support.  In  the  future,  the  return  on 
these  possible  U.S.  investmants  could  be  very  substantial. 
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WOBKSBOP  ON  ZCB  MBCSMIICS  MD  1TB  XPELIGMnClB 


Each  wcklng  day  the  sessions  were  held  in  two  tine  blocks.  The  first  block 
occurred  in  the  naming  usu2dly  between  09:30  and  13:00,  followed  by  a  lunch 
break,  with  the  second  block  starting  at  15:00. 


MOMEftY.  JIME  17 

OPOZZMS  OF  HCRK&BGP 
10:00  -  11:00  mtroducticn 

Speakers:  K.V.  Frolov,  Vice  President,  ASUSSR 

D.M.  KLinov,  Oarre^)onding  Henber,  ASUSSR; 

Direc±ar,  Institute  for  Problens  in  Mechanics 
W.F.  We^,  Menber  U.S.  National  Acadeny  of  Qigineering; 
Professor  of  Gec|hysics,  Geoihysicad  Institute; 
University  of  Alaska  at  Fairbanks 
V.V.  MiJdndlichehkD,  Head  of  Northern  Sea  Boute 
Administration,  USSR  Ministry  of  Merchant  Marine 


11:00  -  11:30 
S^ieaker: 


Mathenatioal  Modeling  of  Large-Scale  Floating  Ice  Motion 
S.S.  Grigorian 


11:30  -  12:00 


speaker: 


mterrelatians  Between  Growth  Conditions,  Sea  loe  Structure,  and 
Sea  loe  Properties 
W.F.  Weeks 


12:00  -  14:00  Lunch 


MBCBAMIGKL  lHaPHgnEB  OF  ICE.  DEPdOanCll  KSD  naCIURE. 
Chairs:  S.S.  (hrigorian  and  W.F.  Weeks 

14:00  -  14:30  Deformation  and  fracture  of  Ice 

Speakers:  R.V.  Goldstein,  V.P.  Ipifanov,  and  N.N.  Osipenko 


22 


14:30  -  15:00 
£^>ea)car: 

15:00  ~  15:30 
^peedoers: 

15:30  >  16:00 

16:00  -  16:30 
i^peaker: 

16:30  -  17:00 
S{)eakers: 

17:00  -  17:30 
Speakec: 

TOESDMf.  OWE  18 

09:30  -  10:00 
S^peedcer: 

10:00  -  10:30 
%)eaker8: 

10:30  -  11:00 
SJpeedcer: 


Raetim  Bebavior  aad  SIm  Ef f aot 
J.P.  Denpeey 

Crack  Picpagatiop  tn  Zoa  Oovar  undar  tha  Acticn  of  Movixig 
Load 

A.V.  Pudddn,  L.I.  Slepian,  and  A.N.  Zlatin 
Break 


Chedrs:  N.S.  Soloaadco  and  A.D.  Kerr 

Mndeling  the  Brittle  Ocaiaressiva  Failure  of  loot  Poesibilitiae 
and  niipHwii'HoimB 

W.A.  Nixcn 

CB  tha  Question  of  Itysiaal  Fropartias  of  Baa  Zoa 

V.A.  Borodkin,  V.P.  Gavrilo,  S.K.  Kovalov,  G.A.  labedev,  and 

V.V.  Pasynkov 

Pcadiction  of  the  Mochanical  Properties  of  Undef omad  First-Year 
Sea  Zoo  During  tha  Growth  Beascn 
G.F.N  OoK. 


ZCB  OOTER  MBCBaUZCB 
Chairs:  L.I.  Slepian  and  D.E.  Ne^Ael 

Bearing  Geqpaci^  of  Zoa  oovara  Subjected  to  Static  and  to 
Oscillatory 

A. D.  Kerr 

Problems  Related  to  the  static  strength  of  Zoo  Oovar 

B. G.  Korenev  and  E.B.  Koreneva 

Ibe  Hecfaanies  of  Ressure  Ridge  Building  from  a  Bide 
Visooelastio  Plata 
M.D.  Goon 
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U:00  -  U:30 


Break 


Chairs:  G.A.  Letedev  and  G.P.N.  Ococ 

11:30  -  12:00  Mnacical  simlatlon  of  the  Drift  of  e  variable  Thickneea  Zoe 
Cover  in  the  Arctio  Ocean 
Speaker:  S.A.  Kolesov 

12:00  ~  12:30  Sen  loe  Dsnanio  Models 
Sjpeaker:  R.S.  Pritchard 

12:30  -  13:00  A  Model  of  Drift-Zoe 

Speeiaeaci  A.V.  Marchenko 

13:00  -  15:00  Lunch 

ZCE  I£BDS 

Chairs:  N.G.  Khre^ty  and  R.L.  Brown 

15:00  -  15:30  The  Zoe  Research  Programs  and  Operimental  laeilitieB  of  the 

Krylov  Ship  Research  Institute 
SpeeHaesrt  V.M.  Shpakov 

15:30  -  16:00  Prohahilistic  Zoe  Focoee 
Speaker:  D.E.  Nevel 

16:00  -  16:30  Siaulatlcc^  of  Zoe  Loads  on  Bulls  and  OffHSbora  structures 

leakers:  (D.E.  Khel^iin) ,  V.A.  Kun^umcv,  and  V.A.  LiJdxananov. 

16:30  -  17:00  Zoe  Loads  on  Structures  -  A  case  study 
speaker:  A.T.  Wang 

17:00  -  17:30  The  Mathamatical  Modeling  of  Zee  Interaction  with  vertical  Piles 

Speakers:  D.G.  Matskevitch  and  K.N.  Stddiinek 
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cultural  Rxjgram 


IG8  LOADS 

Chedrs:  V.M.  Shpakav  and  M.D.  Ooon 


09:30  -  10:00  Jam  Loads  on  Qff-Stera  Struoturas  (Znvastigatians  of  tlis 
LMdngrad  stats  Tacbnioal  Uaivsrsi^) 

S)peedoers:  G.V.  Sinakov  and  K.N.  Shkhindc 


10:00  -  10:30 
St)ea]cer: 


OsfnamiG  loe-Strueturs  Zntaraction  During  Indentation  Tests 
O.S.  Sodhl 


10:30  -  11:00 
S|)eaker: 


Stud^  los  Action  on  Offshocs  Structures 
N.G.  Khrs^ty 


11:00  -  11:30  Break 


Oudrs:  G.V.  Sinakov  and  S.  SliyaiD-Sunder 


11:30  -  12:00 
SJpeedcers: 


A  Ship  in  an  los  Oovsr  under  Oonprsssion 

R.V.  Goldstein,  V.I.  Danilenko,  P.  KujedLa,  N.M.  Osipenko, 

and  P.  Varsta 


12:00  -  12:30  Zoebecg  Tmpact  Ftsssurs  and  ZOros  Design  criteria  for  riaed 
Platfocns 

Speaker:  A.  Prodanovic 


12:30  -  13:00 
Speakers: 


Djpamio  Zos-Flexible  Structure  interaction  Ptewnnaenon 
S.A.  Vershinin,  A.A.  Iliad/,  and  A.B.  Belov 


13:00  -  15:00  lunch 
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MBCBBHICAL  WCPHtEIES  OP  ICE:  CEFGBMKEXCH  AID  imCIlKB 
Chidrs:  R.V.  Goldstein  and  J.P.  DeBgeey 


15:00  -  15:30 
qpeaJoerst 


Xnvestigatiaa  of  Zoo  and  dathrate  Gbaxacteriatiee 
V.P.  larionov  and  E.A.  Bondarev 


15:30  -  16:00 
S^peaker: 


Marbanlral  Preperties  of  Sea  Zoa:  LSboratoKy  Bqpariaanta 
J.A.  Richter  Menge 


16:00  -  16:30 
^jeaiker: 


DovelopBBOts  in  BspafTiMUtal  Xoa  MacbanicB  at  foie- 

D.M.  Oole 


16:30  -  17:00  Break 

Chedzs:  S.A.  Ver^dnin  and  W.A.  Nixon 


17:00  -  17:30 
Speedcer: 


Modelling  the  oonstitutive  Pxopertiee  of  Sea  Xoe  single  CtYstala 
R.L.  Broun 


17:30  -  18:00 
Speaker: 


Ikuerical  Models  of  Zoe  Defanaatioo 

S.  Shyam-Sunder 


raiDMf.  JUNE  21 


ICE  MBCHKMICS:  VARZOOB  IROBiae 
Qiadrs:  V.P.  Larionov  and  D.S.  Sodhi. 


09:30  -  10:00 


10:00  -  10:30 
Speaker: 


Defonaatlng  of  zoe  Under  inflnence  of  Oooiing  to  Surface  Rigid 
Bod^ 

V. H.  Alexandrov  and  A.A.  Shmatkova 

Field  Maasuxenents  of  Pack  Zoa  Stresses 

W. B.  Tucker,  m 


10:30  -  11:00 
Speaker: 


Zoe  Island  Structures  for  EqploxatloQ  Drilling 
D.A.  Mirzoev 
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11:00  -  U:30 


Break 


Chadrs:  K.N.  saikhindc  and  A.T.  Hang 

11:30  -  12:00  Instability  and  Salf-Qrganisaticn  of  Xoo  Bhaats 

Speaker:  V.L.  Mazo 

12:00  -  12:30  8aa  Zoa  Mnrhnnlffii  in  tba  Oantaatt  of  Dnitad  states  Azotio  Mudns 
Basic  Raseazcfi 
S^peaker:  T.B.  Curtin 

12:30  -  13:00  Definition  of  the  Loading  Regina  on  Offshota  Structures  fzaa 

Drifting  Ice  Oovers 

%)eaker:  A.T.  Bekker 

13:00  -  15:00  Lunch 

DZSCOBSICSI 

15:00  >  17:00  Baucation  and  Placement  of  Cold  Region  Boginaers 
^)eakers:  J.P.  Dempsey,  N.G.  lOirapaty,  W.A.  Nixon,  K.N. 

Shkhin^,  S.  Shyaim-Suncler,  G.V.  Sinsdoov,  L.I.  Slepian, 
and  P.  Varsta 


Visit  to  Leningrad  Institutes 

a  Arctic  and  Antarctic  Research  Institute 

a  Krylov  Ship  Research  Institute 

a  Leningrad  State  Techniced.  university 

a  Leningrad  State  Technical  University  of  Ocean  Technology 
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WBBBWi  TOBLa 

Evening:  De|)aa±ui:e  ftem  Leningrad  by  train 


DMi  TOffi 


Day:  Depea±ure  fron  the  USSR 

(Setveral  participants  d^arted  via  St.  Peterdsurg.) 
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IX.  iBsnocm _ 

VMm  M— mfrw  and  A.A.  Smtkova 
nwtitiita  for  iKotdflns  in  Mrorhntilm 

IBS  etf  SoiflDOOS.  MOSOOV.  DSSR 

EBRX01KE1M9  CT  ICE  UOSt  DgmaCB  OT  OCMXIB  TO  StSSaCB  RTOID  BCXET 

Defocning  of  ioe  by  caning  to  surface  rigid  bod^  has  been  studied.  Hie 
problem  of  this  kind  nay  z^^pear,  for  escople,  uhen  protecting  hydrotechnical 
constructions  from  the  influmice  of  an  ice  cover,  because  the  mechanical 
destructicn  of  ice  with  the  help  of  rigid  shiplifting  pontoon  may  be  one  of  the 
methods  of  protection. 

Hie  contact  problems  for  the  plates  lying  cn  the  hydraulixal  base  in  the 
conditions  of  the  cylindrical  bmid  are  considered.  Hie  plate  is  influenced  by  the 
smooth  rigid  stanp,  which  is  pressed  by  the  force  frcm  the  side  of  liquid.  Hie 
base  of  the  stanp  is  described  by  the  equation  y=f(x),  where  f(x)  is  an  even 
function.  Side  by  side  with  the  general  case  particular  exanples  are  considered: 
when  f  (x}»  -c*x,  (oo)  is  an  exact  anzdytical  solution  of  the  problem  is  received, 
idien  f(x)»  -c*x  solution  is  received  with  the  he]^  of  greqphic-anialytical 
eiqiloration.  Hie  method  of  the  solution  is  writtmi  and  the  program  of  the 
numerical  realization  of  the  problem  is  made  vp  for  the  gmiexal  case,  i^ien  f  (x) 
is  an  arbitrary  even  function. 

Different  kinds  of  the  physical  picture  of  the  problem  are  considered  in  the 
dependence  on  changing  of  the  introduced  dimensionless  parameters,  connected  wi^ 
bending  rigidity  of  the  ica  plate,  coefficient  of  the  bed  c€  the  base,  the  density 
of  ice,  and  foee-fall  acceleration.  Oooplete  solution  is  writtmi  and  restrictions 
are  inposed  on  the  dimensionless  parameters.  Hie  limits  of  changing  of  the  value 
of  the  buoyant  force  in  the  dqiendenoe  on  changing  of  the  physical  characteristics 
the  ice  plate,  hydraulically  based,  and  the  form  of  the  coming  to  surface  body 
are  given. 

Hie  next  cases  of  a  contact  are  eplored  in  detail:  1)  there  is  a  contact 
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between  the  ooedng  to  surface  bod/  and  the  ice  plate  at  seme  section,  further 
there  is  the  section  of  the  ice  plate,  which  has  no  contact  with  the  hydraulical 
base  and  then  the  section  where  the  plate  is  lying  on  the  hydraulical  base;  2) 
there  is  a  contact  betueon  the  ocaing  to  surface  boc^  and  the  ice  plate  at  some 
finite  section  and  thmi  there  is  a  contact  between  the  plate  and  the  base;  3) 
when  the  section  of  the  contact  between  the  coming  to  surface  boc^  and  the  plate 
is  turning  practicedly  into  a  point. 


The  eoqgression  for  the  bending  ncmmit  is  written  and  the  cross-sections 
where  the  bending  moment  achieves  the  maximum  absolute  values  are  shown. 

The  results  of  the  woic  nay  be  sued  for  the  calculation  of  the  caipacity  of 
pontoon,  providing  breaking  of  ice  covers.  The  corresponding  axisynmetric  problem 
may  be  studied  in  the  sane  wmy. 
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JUT.  Bakknr 

dvil  BigiuMriag  Departaant 
Vu>EaBt«ni  Folytadbnical  Uistltut* 

Vladivostok,  ISBR 

DBPIMZTIGH  GP  THE  LQADIMS  SB8ZMB  CN  ORSBORB  anaiLTUREB 
nUH  UtZITZMS  ZCB  00908 

The  designers  of  offshore  loe-resistEoit  structures  in  ioe  covering  seas  need 
infcannation  not  only  about  the  extreme  ice  forces  but  about  the  middle  valties  too. 
Also  one  needs  information  about  the  ice  force  variance  during  life  time  for 
structures  and  their  elemait  reliability  anedysis. 

This  problem  may  be  solved  by  modelling  of  ice  force  as  a  stochastic 
process.  Investigation  of  process  parameters  with  the  he^  of  physiced  modelling 
is  difficult  and  needs  a  long  time  to  work.  So  it  is  clear  to  vs&  the 
mathematical  mode  good  way.  The  method  of  statistic  modelling  theory  was  used 
considering  the  stochastic  nature  of  main  parameters  change  %hich  influences 
drifting  ioe  cover-structure  interacticn.  An  imitation  model  of  ice  force  action 
in  time  was  developed  on  the  basis  of  the  mathematical  model  of  failure  process 
at  contact  surface  and  statisticad  data  about  ice  regime  parameters  jn  situ. 


The  proposed  model  gives  an  opportunity  to  receive  the  ioe  force  as  a 
stochastic  process  or  another  words  with  nain  force  characteristics.  In  the  case 
of  a^lication  of  a  sinplif ied  model  of  ice  failure  process  one  can  estixaate  the 
ioe  force  distribution,  nunher  of  cycles  and  other  parameters  as  stochastic 
values. 


The  given  informatian  may  be  esgmessed  as  histograms  of  ioe  parameters 
distribution  or  as  time  curves  of  stochastic  values  with  their  ^probability 
characteristics. 
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▼.JL  Bocodkin#  V.P.  OBvrilOf  8.K.  Icnmlov,  O.A.  Jjibaagtr,  and  V.V.  FMSBkanr 
Arotio  and  Antarotio  BasearcA  Znstituta 
LHingrad,  UBOt 


or  IBB  QDESnCll  OP  IBB  IBXBICBL  IBCPEBTIBB  OP  BA  ZCS 

Spatial  orientation  of  cxystallln  structures  of  sea  loe  characterized  by  the 
degree  of  order  of  prlnciped  optic  axis  in  its  aziauth  position  diie  to  the  effect 
of  currents  are  widely  distributed  both  in  fast  and  pack  ice  in  polar  regions, 
laboratory  studies  and  full-scede  research  of  sea  ice  show  that  due  to  pemanent 
flows  under  the  ice  the  crystals  of  fibrous  structures  aspire  to  fill  a  position 
at  %diich  their  prlnciped  optic  axis  becomes  parallel  to  the  direction  of  flow. 
As  a  result,  the  spatially  ordered  azinuth  orientation  of  crysteds  that  stipulates 
anisotropy  of  physical  proportion  of  sea  ice  is  created  in  ice  fields. 

The  mechaniced  characteristics  of  sea  ice  sanples,  obtedned  eagierijnentedly 
by  the  technique  reconmended  by  the  Ice  Ocnnlttee  of  International  Association  for 
Hydraulic  Research,  have  been  anedyzed.  A  relationsh^  has  been  found  between  the 
ice  strength  at  uniaxial  oonpression  and  the  direction  of  load  application 
(structural  anisotropy).  Ihe  strength  of  ioe  with  fibrous  structure  changed 
within  30%  of  the  maximum  value  oorra^xxTding  to  the  direction  of  load  explication 
along  the  prlnciped  optic  axis.  An  analogous  dependence  has  been  obtedned  edso 
for  the  rate  of  distribution  of  longitudinal  waves  in  ioe  sasples. 

The  experimented  studies  on  electric  characteristics  of  sea  ioe  in  the 
microwave  range  have  edso  revealed  a  considerable  anisotropy  of  specific 
attenuation  of  electronagnetic  waves  and  the  iixiex  of  refraction  for  ice  of 
different  types  and  age. 

The  changes  in  these  vedues  depending  on  the  turning  angle  of 
electronagnetic  field  intensity  stress  vector  relative  to  the  dominating  direction 
o£  principal  optic  axis  of  oriented  crystals  are  rather  considerable:  they  amount 
to  70%  and  10%  of  maximum  vedue  reflectively. 
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Thus,  a  (xnpeurative  anedysis  of  stxtxture,  pt^ioo-meciianicad  and  electrical 
characteristics  obtained  for  the  seone  loe  sanples  allowed  one  to  be  ocnvinoed  in 
not  only  close  interrelation  betwe^  the  above  peureuneters,  but  also  to  give  its 
qu?*ntltative  estimation.  Ihe  results  obtained  gave  the  grounds  to  believe  that 
anisotropy  of  physical  properties  is  to  be  taken  into  account  uhen  solving  applied 
problens,  particular,  \dien  inproving  the  methods  for  numerical  estimation  of 
interaction  forces  between  sea  ice  cover  and  engineering  structures. 


R.L.  BEOMB 

dvil  Bagineariag  and  Engineering  Hnrhwnlrn  Dqiiartaept 
Montana  State  uniimrsitY,  Bozeman,  MT  USB 

IBS  OOMSmonVE  tBCgERriEB  CT  SniCS  8ZNGIB  CBXBiraLS 

Little  is  known  about  the  ixqportanoe  of  intracxystalline  defonnational 
processes  as  oonpared  to  intercxystedline  processes  for  detennining  the  mechanical 
properties  of  polycEyst2dline  ice.  This  is  particularly  true  for  sea  ice,  since 
the  presence  of  brine  may  have  a  significant  effect  on  both  of  these  processes. 
This  effects  are  not  yet  well  understood. 

In  order  to  obtain  a  better  understanding  3f  the  role  of  intracxystalline 
defomation  processes,  a  study  involving  both  anedytical  modelling  and  laboratccy 
testing  was  undertaken.  First  the  defonnation  of  single  nonsaline  ice  crystals 
was  described  in  terns  of  dislocation  stredns  on  a  discrete  set  of  dislocation 
systems  involving  the  basal,  prism,  and  pyramided  planes.  Crack  damage  effects 
were  not  initially  included,  since  only  low-to-'intemediate  strein  rates  were 
considered.  Calculated  results  showed  reedistic  material  behavior  for  creep 
strains,  delayed  elastic  strains,  stress  response  to  prescribed  strain  rates,  and 
stress  relaxation.  For  sea  ice  single  crystals  an  additional  deformation 
mechanism  due  to  the  platelet  substructure  o£  sea  ice  was  added  to  those  edreac^ 
determined  for  nonsaline  itoe.  This  additioned  effect  was  represented  as  a  coupled 
sl4>  process  on  the  bas^d  plane  due  to  the  viscous  interplatelet  slip  in  the  brine 
layers  sepeorating  the  platelets  and  the  dislocation  strains  cxxurring  in  the  ice 
inclusions  \ihich  connect  many  of  the  platelets.  Calculated  results  showed  that 
this  additioned  mechanism  can  potentially  have  a  significant  effect  on  the 
material  properties. 

A  series  of  constant  strain  rate  tests  on  single  sea  ice  crystals  and 
nonsaline  single  crystals  were  ooopleted.  These  tests  provided  a  preliminary 
canparison  of  the  properties  of  these  two  single  crystal  materials.  The  results 
showed  that  under  constant  cxxpressive  stiain  rates,  the  peak  stress  reached  with 
the  nonsedine  ioe  was  edmost  an  order  of  magnitude  higher  than  for  the  sea  ioe. 
The  steady  flew  stress  was  rou^y  three  times  as  large.  These  differences  in  the 


34 


prqperties  of  sedine  and  nonsedine  single  caystals  eqppear  to  be  larger  than  for 
polyccystadline  ice,  thereby  suggesting  that  intracxystalline  effects  nay  not  be 
the  predoninant  processes  vhich  determine  the  properties  of  polyccystalline  ioe, 
either  nonsallne  or  sedine. 

current  work  involves  nore  detailed  testing  of  single  crystals  over  a 
tenperature  range  of  -l(fC  to  These  tests  should  provide  a  better 
understanding  of  the  defamation  mechanisms  which  determine  the  prqperties  of  sea 
ioe  crystals.  Work  is  edso  continuing  on  the  analytical  modeling,  where  more 
ocnprehensive  descriptions  of  the  dislocation  dynamics  are  being  studied. 
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D.M.  O0l« 

U.8.  Jkov  Cold  Region  Raseardi  and  Engineering  Labocatoty 
ttnever,  W  JSk 


acMB  RBcsiir  cevELOBOiiES  IN  EXPEsnasmit  ice  mbcbmiics  xr  cebbi 

Ihis  talk  f octees  cn  two  general  aspects  of  e9g)eri]nental  ioe  mechanics  that 
are  currently  under  investigation  at  the  U.S.  Aioy  Cold  Regions  Rpaonrch  and 
Bigineering  Labaratcry.  Ihe  first  is  the  re^xsnse  of  various  types  of  ice  to 
fully  reversed  (i.e.  edtemating  tension-^ropression)  uniaxisd  stresses.  Ihe 
unique  apparatus  developed  to  grip  the  specimens  rigidly  in  the  testing  machine 
is  described,  e}q)eriment2d  results  are  presented,  and  the  influence  of  stress, 
frequency,  tenperature,  and  microstmcture  on  the  interned,  fiction,  and  inelastic 
strain  are  examined  from  a  micronechaniced.  viewpoint. 

A3ditioned.ly,  a  newly  developed  system  for  performing  pulse-echo  esqperiments 
on  ice  at  &eguencies  near  2QkHz  is  presented,  £d.ong  with  results  ottained  on 
large  ice  single  crystals.  These  results  are  discussed  in  terns  of  the  proton 
rearrangement  mechanism  of  internal  friction. 
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ILO.  Ooen 

Tbm  BEK  OacpocatiaQ 


IBB  HBCBHHICS  GT  tRESSCBB  RIDGB  BnnflTWB 
IBOK  A  VIDB  VlfiCeMAanC  SUOB 

Raoent  neasurenents  of  sea  ioe  stress  associated  with  ridge  building  and 
time  dependeint  analysis  >f  lead  ioe  indicate  that  a  wide  plate  analysis  of  young 
ice  may  help  detemine  ridge  building  forces.  Ihese  forces  are  iaportant  in 
larga-scale  ice  dynamics  in  that  they  will  control  the  large-scade  stress. 
!IherefQre,  they  are  also  of  inportanoe  in  determining  the  loads  on  structure  if 
the  concept  of  limited  driving  force  is  adopted. 

In  this  peper,  the  ice  in  a  lead  is  treated  as  a  linear  viscoelastic 
material  and  the  appropriate  bending  equations  for  a  uniform  thidoiess  plate 
loaded  on  two  edges  are  developed.  Ihese  time-dependent  differential  equations 
are  solved  to  determine  the  failure  load  of  the  plate  for  various  rates  of 
loading.  Ihe  results  will  depend  on  elastic  or  viscous  properties  of  the  young 
lead  ice.  Ihe  eppropriate  properties  are  those  for  a  plain  strain  analysis  and 
the  epprcprlate  properties  emerge  from  the  analysis.  Tenperature  variation 
through  the  thldoiess  of  the  plate  is  considered  in  relation  to  the  mechanical 
properties.  Jn  situ  and  laboratory  esperiments  to  determine  that  eppropriate 
mechanical  properties  are  discussed. 

Ihe  failure  loads  for  lead  ioe  are  used  to  examine  possible  formulations  for 
large-sceQe  sea  ioe  strength.  Dils  strength  would  be  eppropriate  for  use  in 
geophysical  scale  ioe  dynamics  modelling.  Ihe  results  are  also  used  to  interpret 
the  maxiiam  time  dependent  forces  «hich  can  be  transmitted  through  an  ica  caver. 
Ihe  same  stresses  are  available  to  load  off^are  structures  in  Arctic  waters. 
Ware  appropriate,  measured  sea  ics  stresses  and  mechanical  properties  are  used 
or  canpared  with  the  calculated  values  presented  in  this  peper. 
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KtEDXCnON  or  IBB  MBCBAHIGAL  PBOPERnES  OP  OIOBFCIOIED  nB8!F-yEiR 
SEk  ICE  DQRIBS  IBB  GBOPEH  SBASCH 

A  model  has  been  developed  to  predict  the  ocnposite  mechanical  properties 
of  a  growing  first-year  sea  loe  sheet.  Ihe  model  asstanes  a  linear  tenperature 
profile  and  ocnsiders  the  energy  balance  at  the  loe  surface,  initisd  salt 
entrapnent,  brine  drainage,  and  suction.  Estimated  salinity  profiles  are  in  good 
agreement  with  natural  profiles.  Althou^  the  teoperature  and  sedinlty  profiles 
depaid  on  the  time  of  year  vhen  loe  growth  is  initiated,  the  resulting  brine 
volume  and  mechaniced  properties  are  xmigue  ftmctions  of  the  ioe  thickness.  These 
results  provide  justification  for  parametrizing  the  mechanical  behavior  o£  pack 
ioe  on  the  basis  of  an  loe  thickness  distribution. 

The  tenperature  and  brine  volxime  profiles  are  utilized  to  cedculate  ioe 
strength  and  elastic  modulus  profiles  vhich  characterize  the  ocnposite  mechaniczd 
properties  of  the  ioe  sheet.  Significant  differmioes  are  found  between  the  loe 
sheet  properties  calculated  using  the  ocnposite  plate  theory  developed  by  Assur, 
and  the  properties  calculated  fraa  isiiform  plate  theory  using  average  ice 
properties.  This  is  particularly  true  for  thin,  young  sea  loe  sheets. 
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SEk  ICS  MBCSSNICS  IN  THE  (SKTEZr  GT  U.8.  mCHC  lORIHB  BMnC  RBBBUCT 

Ihe  interests  ani  efforts  of  federal  agencies  in  Arctic  marine  basic 
roooarcti  are  reviewed.  Within  this  context  current  and  future  activities  related 
to  air-ice-ooean  interaction  are  discussed.  IVo  sea  ice-related  initiatives  are 
described  in  det2dl:  lead  c^namlcs  and  sea  ice  mechanics. 


Lead  dynamics  focuses  on  loced  oceanic  and  atmospheric  heat  flux  processes, 
new  ice  formation,  and  regioned  fracture  distribution  in  respcnse  to  farcing.  Sea 
ice  mechanics  addresses  constitutive  relations  and  fracture  mechanics  in  the  scale 
range  from  a  few  centimeters  to  a  few  kilometers  with  scade  interrelationships  a 
primary  issue.  Both  modelling  and  field  observations  are  outlined. 
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Di|wurtwit  of  dvil  and  Bwironnaatal  Baginurlnj 
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ntACSORE  BEBAVIOR  MO  8ZZB  EVfBCT 

This  wockshap  presentation  will  focus  on  the  following  topics: 

-  the  laboratary  scale  foacture  bdiavior  of  sea  ice; 

-  the  effects  of  microstructure,  tenperature,  sedinity,  and  porosity 
on  the  fracture  behavior  of  sea  ice; 

-  the  nature  of  oracik  rucleation,  initiation,  and  propagation  in  sea 
ice; 

-  gpecimen  size  effects:  the  determination  of  fracture  behavior  of 
sea  ice  at  the  structural  scedes  -  with  the  associated  tesperature 
and  salinity  gradients  -  frcn  laboratory  scede  behavior. 

At  the  laboratary  scale,  the  issue  of  notch  sensitivity  and  brittleness  of 
the  test  fedlure  is  used  to  forecast  the  necessary  specimen  size  for  a  material 
property  initiation  toughness;  a  methodology  has  been  developed  suitable  for  all 
test  geometries.  Ihe  scatter  in  the  fracture  toughness  values  rqported  in  the 
literature  is  partially  accounted  for  by  examining  the  requisite  notch  acuity  or 
crack  tip  sharpness.  Ihe  mechanics  and  physics  of  crack  nucleation  and 
propagation  in  sea  ioe  is  closely  related  to  the  topic  of  crack  growth  stability. 
Closely  related  to  this  subject  are  concerns  such  s:  under  what  conditions  (if 
at  edl)  does  a  crack  in  ice  remain  atomically  sharp,  and  under  what  conditions 
will  blunting  take  place?  If  crack-tip  blunting  occurs,  or  if  blunting  does  not 
occur  but  fracture  reinitiation  requires  a  larger  energy  release  rate,  ihat  are 
the  underlying  mechanisms,  and  \diat  are  the  most  explicable  concepts  c£  ftacture 
mechanics?  Information  related  to  the  above  issues  are  of  fundamented  inportance 
to  explications  involving  the  fracture  of  ice  and  the  fracture  of  quasi-little 
materials  in  general. 

An  exact  quantification  of  the  fracture  process  in  sea  ice  is  made  difficult 
by  the  oocpled  interaction  of  three  major  factors:  polycrystedlinity,  high 
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taafKrature  brittleness,  and  rate  effects.  For  instance,  in  teens  of  tensile 
fracture  and  fracture  testing,  there  e^ipear  to  be  two  eptiens  available: 


-  \qpgrade  the  size  of  all  ^)ecinen  geometries  until  the  notch 
sensltivl^  and  brittleness  is  such  as  to  misure  the  aiplicability  of 
linear  elastic  fracture  mechanics; 

>  adopt  the  principles  of  nonlinear  hracture  mechanisms  and 
concentrate  on  the  associated  tou^^ness  parameters,  testing  sub-size 
^lecimens. 

The  first  option  will  siiply  not  be  viable  for  oertadn  types  of  ioe  and 
certain  q)ecimMi  geometries  unless  one  is  to  plan  large-scale  tests.  Oonoeming 
the  second  option,  size  effects  on  severed,  fracture  parameters  and  the  use  of 
nonlinear  &acture  mechanics  has  edready  received  considerable  attention  for 
materials  such  as  concrete  and  rock;  much  work  is  needed  on  this  topic  for  sea 
ice. 
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HJI.  Oeipeato 
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P.  verata 

oeiveraltY  of  Technology,  Helsinki,  Finland 

A  SHIP  IN  AH  ICE  OOTEH  UNDOt  OOMEREBSKM 

Results  and  preliminary  theoreticEd  anedysis  of  model  tests  conducted  to 
stud^  a  diip  in  oonpressive  ice  are  presented.  The  investlgaticn  forms  a  part  of 
a  joint  research  project  between  Helsiriki  University  of  Technology 
(HUT)  /Laboratary  of  Naval  Architecture  and  Marine  Engineering  and  the  USSR  Acadeny 
of  Scioice/Institute  for  Problems  in  Mechanics. 

The  tests  are  carried  out  in  the  HUT  ice  model  basin.  The  total  number  of 
tests  is  54  with  two  ice  thickness  and  including  tests  in  level  ice,  channel, 
oonpressive  level  ice  and  oonpressive  channel.  Towing  force,  speed  and  maximal 
oonpressive  force  agednst  port*-side  are  recorded.  The  resistancse  in  the 
oonpressive  channel  can  be  twice  as  large  as  resistance  in  level  ice  at  low  speed. 


E>perimentEd  results  anedysis  led  to  mechaniced  model  of  a  vertical  wall  and 
ice  platan  interaction.  In  a  steady  regime  the  interaction  zone  is  divided  into 
two  parts:  the  region  of  direct  mechanical  contact  of  the  wall  and  ice  platen, 
and  the  region  tdiere  the  contact  takes  place  only  through  firacture  products. 
Introducing  governing  equations  for  intermediate-layer  material  it  is  derived 
relation  for  ice  pre^ure  on  the  WEdl  (ship  hull)  in  dependence  on  compression 
level  and  wall  motion  speed.  The  results  of  calculations  are  in  consent  with 
esqperimentEd  data. 
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tsscBooinm  no  rociorb  or  kx 

loe  defamaticn  and  fcacture  is  ocnsidered  as  a  sett  of  nitually  cnmected 
and  interdependent  procsesses  in  various  scales  taking  into  acxxunt  ioe  structure, 
strain  rate,  and  tenperature  influence.  There  are  discussed  lainly  results  of  the 
investigations  of  1)  defonnaticn  and  acoustic  emission  observation  for 
miccooxacking  and  2)  feacture  in  the  presence  a£  oraoks  or  oracklike  defects. 

There  are  suggested  some  hierarchical  structural  models  describing 
interconnection  1}  macrodefamation  and  microfracture  parameters  and  2) 
nacxo£rac±ure  toug^iness  (and  mafccxo  huBiiiok  resistance)  with  deformation 
characteristics. 

Tenperature-strain  rate  depondaices  for  ice  deformation  and  fracture 
parameters  are  discussed. 

There  are  demonstrated  some  ways  for  using  established  regularities  in  the 
solution  of  cgjplied  problems  including  a  problem  of  ic»  and  ice  cover  interaction 
witii  structures  and  icebreakers,  and  a  problem  of  engineering  glaciology. 
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waoTwa  CAEACm  OT  ICS  COVERS  8DBJBCIED  TO  BOaHC 
mw>  nafTTTJjtfrrBY  Tirana 

Early  enpirical  methods  for  the  detezainaticn  of  the  bearing  capacity  of 
floating  ice  plates  that  are  subjected  to  static  or  quasi-static  loads  of  short 
duration. 


Bearing  capacity  anedyses  that  utilize  the  elastic  theory  of  plates. 
Analytical  fedlure  criteria.  Discussion  of  the  governing  differaitial  equations 
for  nonhonogenecus  plates.  Effect  of  the  noi^iomogeneity  of  the  distribution  of 
bending  stresses,  and  its  effect  on  the  use  of  the  oconon  stress  fidlure 
criterion.  Sinpliflcation  of  the  analytical  results  and  their  conparison  iidth 
corresponding  espressions  of  the  enpirical  methods. 

Presentation  and  discussion  of  test  results  on  bearing  capacity.  Upper  and 
lower  bound  criteria  for  engineering  applications.  Ocmparison  of  analytical 
results  with  laboratory  aixi  field  test  data.  Ocunents  to  the  detennination  of  e;„ 
and  Of,  the  fadlure  stress. 

carrying  capacity  of  ice  covers  subjected  to  loads  of  long  duration.  Review 
of  analyticad  attenpts.  Field  and  lab  findings.  Drop  of  carrying  capacity  with 
progressing  time.  Discussion  of  needed  anadyses.  Choice  of  proper  constitutive 
relations.  Failure  criteria. 

Bearing  capacity  of  ice  covers  subjected  to  oscillatory  loacte.  Ice  cover 
fatigue.  Description  of  recent  tests  and  presentation  of  recent  test  results. 
Planned  test  program  for  ice  cover  fatigue  and  recovery. 


Oondusions  and  reoomnendations. 
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STHOIXEION  Cr  ICE  LOADS  OH  SHIP  BDUH  AID  CBPSBGBB  SIRUCWBBB 

1.  The  interaction  of  the  ship's  hull  and  the  ioe  is  cxnsidered  as  a  random 
process  with  a  large  nuntear  of  randcm  values  with  oosplex:  oorrelation 
relationships.  To  construct  a  joint  function  of  the  distribution  of  these  values 
and  to  ototedn  thus  a  function  of  the  ice  load  distribution  zppears  to  be  actually 
iiqpossible.  The  modelling  of  the  interaction  can  be  made  by  means  of  the  Monte 
carlo  method. 

2.  The  modelling  of  the  interaction  between  the  blip's  hull  and  the 
offEhore  structure  and  the  ice  is  carried  out  according  to  the  standard  schane: 

Randcm  ice  A  model  of  interaction  Randcm  ioe 

conditions  (deterministic)  loads 

As  a  result  of  the  modelling  the  distribution  functions  of  load  parameters 
are  determined. 


The  reEdization  of  this  scheme  requires  the  following  integral  blocks: 

-  the  data  base  on  the  ioe  situation  si  route  of  the  ship's  motion  or 
at  the  site  of  the  structure  to  be  established; 

**  reedization  of  the  interaction  conditions; 

-  random  physical-mechanical  ioe  properties; 

-  calculation  of  the  ice  load  reedization; 

-  accumulation  of  ice  load  reedizations  and  procession  of  the 
distribution  functions. 


46 


3.  Ihe  following  major  problems  can  be  solved  fay  means  of  the  statistical 
modelling  of  randcm  ice  loads: 

-  to  determine  the  profaability  of  damaging  cr  exceeding  the 
prescribed  level  of  the  loads  fxxa  the  results  of  modelling  (ri^ 
model) ; 

-  to  model  field  trials  of  the  objects; 

-  to  model  the  non-uniformity  of  the  loads  fd.th  large  oontact  zones. 

4.  To  fulfil  these  goals  requires  additional  models,  which  are  not  the 
of  the  interaction  between  the  ship  or  structures  with  the  ice. 


-  a  model  of  the  construction  failure,  for  the  ships  Lsuzdly  a 
maviTmm  permissible  load,  determined  fay  a  rigid-plastic  model  is 
assumed; 

-  a  model  of  the  measuring  schane,  which  includes  a  construction 
model  with  the  locations  of  the  sensors  and  data  recording;  in  most 
cases  the  construction  model  with  the  schane  cf  the  sensor  location 
can  be  represented  fay  a  matrix  of  influence  coefficiaits,  and  the 
realization  of  the  extemed  loads  is  reduced  to  the  systan  of 
concentrated  forces; 

-  a  model  of  a  randan  form  of  the  edge,  which  can  be  obt£dned  frcm 
the  'Miite  noise"  by  means  of  the  fanning  filters. 

The  fulfillmart  of  these  objectives  will  enable  one  to  estimate  the 
representativeness  of  the  e^perimaits,  to  interpret  the  data  of  field  trials  in 
tiie  designing  of  new  constructions,  to  model  the  consequences  of  the  ships  and 
"off-shore  structures"  medntenance  under  ice  conditions. 
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eram  or  ice  umaa  on  gefsbgbb  arauL’iruREB 

Ihe  develoiiaent  of  sea  transport  %iays  and  ejqploitation  of  shelf  zone  of  ioe 
covered  seas  caused  the  conplex  problem  of  design  and  oonstmetion  of  offshore 
structures  including  ice-resistant  platfoms.  One  of  the  nain  problens  is 
estination  of  ice  forces  on  offshore  structures.  These  problens  have  been  studied 
more  than  twenty  years  long  by  divisions  of  Far  Eastern  Polytechnic  Institute 
according  to  a  special  program.  The  main  items  of  this  iirvestigations  are: 

-  studying  of  sea  ice  properties  as  material; 

-  working  out  and  basis  of  yield  criteria  for  sea  ice; 

-  working  out  of  e^gnress  methods  for  definition  of  yield  characteristics  of 
sea  ice; 

-  theoreticeO.  and  e:q)eriinental  stud^  of  drifting  ice  cover-structure 
interaction; 

-  working  out  of  mathenatical  models  ioe  cxn/er  failure  processes  at 
structure  contact; 

-  trarking  cut  of  mathematiced  models  of  dynamic  ice-structure  interaction; 

-  working  cut  of  methods  of  physicad  modelling  of  ice-structure  interaction 
and  technlced  means  for  this  purposes; 

-  working  out  of  anedysis  method  for  ice  force  regime  definition  during  ice 
cover-structure  interaction; 

-  hunmock  action  of  offshore  structures; 

-  working  out  of  means  and  devices  for  ice  cover  destruction  and  decreasing 
of  ice  force. 

The  new  types  of  ice-resistant  structures  were  proposed  on  the  basis  of 
investigations  and  analysis  methods  of  ioe  forces  vhich  are  used  in  designs  for 
esqploration  of  carbon  resources  on  the  SaMialin  shelf. 
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MMERZCAL  SnBJUUFICti  CT  IfiE  ERZFT  OT  A  VBRZKBU  HfTfaQIBW 
ICB  OaVOL  JH  IBB  ABCKZC  QCEMI 

Sea  ioe  velocity  Is  determined  by  balance  of  foroes,  such  as  wind  and  water 
stresses;  Ooriolis  force;  curraits  and  tides,  caused  by  the  sea  level  indinaticn 
and  forces  of  the  internal  interaction  of  the  ioe  flows  with  each  other  and  with 
the  Ehores.  By  the  term  "drift  velocity"  we  understand  in  this  case  he  velocity 
of  the  oaiter  of  nyisses  of  the  enseonble  of  flows,  distributed  in  the  elenent, 
linear  dimensions  of  which  are  equcil  to  the  grid  stqp. 

The  edr  and  water  stresses  can  be  determined,  if  the  integral  effect  of  the 
boundary  layers,  which  are  forming  above  and  under  the  ioe,  is  known. 

The  aiaxtinal  hardships  at  present  time  by  the  numerical  simulation  of  the  ioe 
drift  are  caused  by  the  form  of  the  intemad  interaction  force  in  the  ice  cover. 
The  read  ioe  cover  is  a  oonplicated  formation,  containing  features  of  elastic, 
viscous,  and  plastic  deformations. 

The  notion  of  the  ice  cover  as  a  viscous  inocnpressible  film  is  a  rather 
siuple  e^3proach.  The  ocnbination  of  the  momentum  bedanoe  equation  with  the 
condition  of  inoonpressibility  adlows  us  to  write  the  equation  for  the  ice 
pressure  of  the  Poisson's  type. 


The  introduction  of  a  parameter-threshold  of  ooopactness  is  an  essential 
peculiarity  of  the  model.  If  the  meaning  of  the  ocnpactness  is  lower  than  this 
threshold,  the  ice  flows  don't  interact  and  the  ice  pressure  in  this  point  equads 
zero.  The  meaning  of  the  qpeed  divergence  by  the  ocnpactness  being  lower  than  the 
interaction  threshold  differs  from  zero. 

The  governing  equations  of  the  model  include  adso  equations  of  evoliition  of 
the  ice  cover  oonpactness  and  thickness.  They  can  be  written  in  the  form  for  the 
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general  ooepactness  and  the  mean  ioe  thidcnest  and  in  the  fora  for  tiie  partial 
fyMp>*r!t-nftBiaa«  and  tiilcknesses  for  the  different  ioe  oategories. 

Ihe  surface  atno^heric  pressure  fields,  initial  fields  of  cxaopactness  and 
tiiickness  of  the  ioe  are  used  as  initial  data  for  the  calculations. 

Test  of  the  model  «as  done  for  an  area  of  3000  x  2800  km  apiareodmating  the 
Arctic  Ocean  and  the  Arctic  ehelf  seas.  Grid  step  was  equal  to  200  km,  tine  step 
«ias  equal  to  600  s. 

The  charts  of  the  drift  of  the  autcoaticeQ.  buoys  were  used  as  a  main  test 
material.  Ihe  drift  of  the  buoys  was  averaged  for  the  period  of  5,  10,  15  days 
and  for  the  month. 

The  calculation  of  the  drift  direction  came  true  in  94%  of  the  cases.  Ihe 
mean  ratio  of  calculated  and  real  moduluses  of  the  drift  speed  was  egued  to  0.74. 

The  ice  thlcdcness  redistribution  for  differoit  ice  thickness  categories  was 
simulated  for  the  section  of  the  Arctic  ocean  the  Chukchi  sea  for  the  three  and 
five  categories,  req)ectlvely. 

Ihe  fulfilled  calculations  edlow  us  to  tell,  that  this  model,  in  qpite  of 
its  relative  simplicity,  rather  well  reflects  the  main  feature  of  the  ice  drift 
in  the  Arctic  ocean,  gives  the  opportunity  to  calculate  ice  thickness 
redistribution  for  the  month  period  even  with  maximal  detslization  of  the  ice 
cover  by  thickness  categories. 
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IROBLOB  REUOH)  TO  THE  ffCMFIC  SOtBUIB  OT  BN  IC8  OCPVBR 

Cie  Tpap&c  is  of  a  review  character  and  ooncems  to  ioe  cover  static  analysis 
problen.  Ioe  cover  is  ocnsidered  as  a  plate  on  elastic  fcundaticn.  The  pager 
ixxdudes  two  parts.  The  first  one  deals  with  anedysis  theoreticaJ.  problen  of  the 
plates  on  elastic  foundation.  The  second  part  deeds  with  some  special  ioe  cover 
strength  problems  related  to  a  great  extait,  to  esqperinmntal  result  analysis. 

In  the  ioe  cover  design  infinite  plate  problem  solution  including  the  case 
of  load  distribution  edong  circle  surfaces,  is  of  great  iuportanoe.  In  many  cases 
the  solutions  are  obtained  in  closed  form  in  terns  of  cylindrical  and  ocnti/./  ous 
function. 

In  the  main  part  of  the  paper  the  problems  of  finite  layers  of  constant 
thicSoiess  and  infinite  plates  with  openings  are  examined.  There  is  discussed  the 
interrelation  between  cxnpensatad  loads  method  and  Treffts-Friderichs  variational 
method,  as  well  as  boundary  integral  ecpiation  egplication.  The  problem  cracked 
plate  subjected  to  a  load,  distributed  along  circular  surface  is  discussed.  That 
arises  from  studying  the  process  of  infinite  plate  fzdlure. 

The  problems  of  the  plates  with  variable  thickness  on  elastic  foundations 
are  considered  in  detedl.  There  are  obtcdned  the  solutions  of  circular  plates  of 
linearly  varying  thickness,  subjected  to  ^ninetric  and  antisynmetric  loading  and 
complete  solution  of  the  similar  problem  whmi  the  thickness  varies  with  the  radius 
acoording  to  the  law  of  4/3  power.  Anedysis  the  plate  areas,  adjoining  to  the 
supports  of  the  structures,  it  is  possible  to  utilize  approximate  solutions 
considering  reactive  foroe,  exerted  by  liquid,  as  constant.  The  problems  of 
circular  and  annular  plates  with  different  laws  of  variable  thickness  are 
investigated.  All  ebove  mentioned  solutions  are  obtained  in  closed  form  in  the 
terms  of  different  ^)ecial  functions.  In  all  cases.  Green's  functions  are 
determined.  Oonsidering  the  influence  of  elastic  foundation,  there  is  utilized 
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iteration  nethod.  Briefly  the  rectemgular  plates  with  variable  thlckne»  are 
analyzed. 

Ihe  second  part  of  the  paper  aneJyzes  the  results  of  experiments  on  ioe 
crust  strongth.  Ihese  crusts  are  fanned  as  a  result  of  ioe  freezing  in  polynia^- 
bath.  Major  differences  between  key  and  plate  strength  prcbleBB  are  discussed 
hers. 


Short  remarks,  oonceming  the  possible  education  of  above  mentioned 
problems  in  anedysls  of  artificial  ice  cover  strength  increase  and  the  reverse 
problem  of  its  destmction  are  given  here. 

Mcsdel  problem  of  plate  and  beam  with  upper  reinforcement  are  considered  in 
this  aspect. 
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znvEsnoKEicii  or  ice  ah>  ics  glmbreb  caMacnaaffezcs 

Gas  hydrates  are  Icselike  cryst2d  oontxiinds  fanned  froa  gases  and  water  at 
certain  thernodynamic  ocndltlons  and  resembling  sncsv  or  fim  ice.  Ihe  crystal 
lattice  of  these  caqpounds  consists  of  %ater  molecules  which  are  hydrogen  bonded 
to  each  other.  Gas  molecules  are  Included  into  lattice  cavities  and  interact  with 
it  under  the  influence  of  Van  der  Waals  forces,  in  the  absence  of  gas  molecules 
the  lattice  is  thermodynamically  metastable  in  contrast  to  a  cryst2d.  lattice  of 
ice. 


Similarity  of  loe  and  gas  l^drates  structures  edlows  to  caaparB  tiieir 
physical  and-nechanical  properties  including  mechanical  and  edhesive  cnes. 

liydrate  adhesion  is  of  great  practical  interest.  I^drate  formation  on  pipe 
walls  in  the  systems  of  production  and  transport  of  natural  gas  reduces  the 
pipeline  Ccgacity  up  to  a  oonplete  steppage  of  gas  supply.  To  develop  methods 
preventing  hydrate  formation  one  must  knew  the  adhesion  strength  of  a  hydrate- 
substrate  bond. 

m  the  report  the  ice  and  hydrate  edhesion  strength  was  detemdned  with  the 
help  of  the  e>g)erimental  set  nade  in  two  nxxllflcations.  In  the  first  one  the 
external  force  required  for  breaking  the  adhesion  bond  is  induced  by  electric 
current  through  an  inductance  coil  with  a  core  being  rigidly  linked  to  a 
substrate.  In  the  second  one  the  breaking  off  force  was  produced  by  the  drop  of 
gas  pressure  on  the  piston  connected  with  a  substrate. 

i^drates  of  a  natural  gas,  freon-12,  and  tetrahydrofuran  and  ice  obtained 
tran  the  distilled  water  were  studied.  Sanples  made  of  steel,  duralimdn,  and 
polytetraflvioroethylaie  were  use  as  a  substrate.  A  surface  finish  class  and 
interfacial  angle  were  determined  for  each  sample. 


53 


r 

1 


E)g)eri]iiental  data  eftiotf  that  the  adheslcn  strength  of  icse  in  the  taqperature 
range  253-373  K  grows  with  tesqperature  decreasing  for  hydrqphilic  surfaces  (steel, 
duralunin)  and  practically  dees  net  change  for  hydrophobic  ones 
(polytetraf  luaroethylene) .  The  adhesion  strength  of  ice  for  steel  and  duralunin 
is  such  hi^^KT  than  that  for  polytetraf  luoroett^lene.  Ihe  ice- 
polytetraf  luoroenthylenoe  stystem  in  tiie  tenperature  range  oonsidered  is 
characterized  by  the  edhesion  type  of  breaking,  while  for  the  ice-steel  systaa  at 
certzdn  tasperatuze  the  transition  from  the  adhesion  to  the  cohesion  type  of 
breaking  is  observed. 

Experimarts  showed  that  tenperature  dependence  of  the  hydrate  adhesion 
strength  is  similar  to  that  of  ice,  i.e.  the  adhesion  strength  grows  with 
tenperature  decrease  for  hydrophilic  surfaces  and  practically  does  not  change  for 
hydrophobic  ones.  The  adhesion  straigth  of  hydrates  cxnsidered  is  almost 
independent  of  a  gas  molecule  type. 

Ihe  adhesion  strength  of  hydrates  was  evaluated  on  the  basis  of  the  theory 
of  mnlpa^lar  interaction  and  Griffith  theory  of  fracture. 

qiecial  experiments  were  curried  out  to  oonpare  acxusticul  properties  of 
porous  media  saturated  with  lc3e  and  gas  hydrates.  Three  types  of  sanples  were 
tested:  sands  of  particle  diameter  in  the  range  0,15-0,  30xl0\[i  and  in  the  range 
of  1,5-2,  0x10%;  silicagel  of  average  pore  diameter  85,SA  and  particle  diameter 
1,0-2,  0x10%.  The  results  reveal  the  clear  influence  of  water  cxxitmit  and 
tenperature  on  velcx:lty  and  danping  of  acoustic  waves  propagating  through  the 
sanples.  The  tenperature  difference  between  water-ice  phase  transition  and 
reaction  of  clathrate  formation  is  about  lOK.  Aocustic  wave  velcxcity  of  sand 
saturated  with  gas  c:lathrate  is  3-4  times  of  that  saturated  with  gas  and  water. 
The  effect  is  intensified  with  increasing  of  water  saturation. 

The  results  of  esperiments  with  silicagel  sanples  were  quite  different.  The 
increase  of  velcx:ity  vas  not  more  than  30%  thou^  the  tenperature  vas  lowered  down 
to  262K.  It  is  esplained  by  the  presaxie  of  strongly  bonded  water  in  very  small 
pores. 
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A  MSOSi  OP  CeiFT  KX 

Die  ioe  cover  swiiiining  on  the  horizontal  surface  of  ocean  is  oonBidered. 
Ihe  ice  cover  consists  of  ice-flows  with  various  fonns,  gecmetrical  scales  and 
safety  properties.  The  typlcad  horizontal  scale  of  ice-flow  is  nore  less  than 
horizontzd  scale  of  investigating  phenomenon.  It  is  supposed  that  ice  flows  on 
the  surface  of  ocean  is  even  and  its  relative  velocities  are  small,  so  ice  cover 
nay  be  considered  as  continuous  media  with  visocus-elastic-plastic  properties. 
The  plastic  properties  are  bound  19  %dth  irreversible  changes  of  ice  cover  that 
are  conditioned  by  destruction  of  ice-flows. 


TWO  farms  of  ice-flow  interaction  may  be  considered  before  humnocking: 

1)  collisions  and  2)  nutual  pressing  and  friction  in  places  of  contacts.  The 
first  Idnd  of  interaction  is  reedized  when  each  ice-flow  may  move  in  its 
neighborhood  without  collision  with  other  flows.  The  second  kind  of  interactions 
have  place  when  ice  flows  can't  move  without  change  of  disposition  of  other  ice- 
flows.  In  the  first  case  we  say  that  ice  cover  is  in  a  diffuse  state  and  in  the 
second  case  in  a  compact  state.  The  change  from  the  first  to  second  state  is 
realized  by  conpression  deformations. 

It  is  sipposed  that  the  conpactness  A1  is  being  when  diffuse  ice  cover  with 
conpactness  A  (smaller  than  Al)  changes  in  ocnpact  state.  Huomodcing  may  be 
realized  if  AfAZ  (greater  than  Al) . 


In  the  presentation  the  break  solutions  are  investigated.  The  problems 
edoout  collisions  of  two  ioe  cover  field  with  various  oonpactnesses  with  each  other 
and  ice  cover  field  with  rigid  walls  are  considered.  The  pressure  of  ice  cover 
on  the  wall  is  defined  in  dependence  on  drift  velocity  and  conpactness. 
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IBB  MXisBiMncBL  MnoRTi.Tic  cv  zcs  JssEsucnm  «nB  VBtncaa.  piubb 

This  paper  deeds  with  develqping  a  simlation  of  def cannation  and  fracture 
of  thB  ioe  cover  around  tlie  structure  when  a^ect  ratio  is  hig^,  i.e.  a  fddth  of 
the  structure  is  ouch  larger  than  the  ice  thickness,  so  the  plane  stress  condition 
can  be  used  to  investigate  the  stress  distribution  in  an  ioe  around  the  structure. 

Ihe  ioe  is  similated  as  an  elastic-brittle  material  and  the  modified 
Oauloni>4iohr  theory  is  used  to  describe  crushing  of  ioe  field.  Ihis  scheme  allows 
to  describe  both  the  fracture  of  ioe  by  tear  and  ^lear.  The  model  of  ice  field 
described  above  was  used  in  the  f  inite-differenoe  program  SHELFpK  which  was 
developed  during  1985-1988  at  IPI.  The  main  advantage  of  SHELF-M  over  the 
existing  FEM  programs  (MARC,  ADINA,  MSEEIO)  used  by  Western  specialists  to  stuc^ 
the  ice-structure  interaction  is  in  the  dynamic  epproach  that  zdlcws  to  siiulate 
the  fast  propagation  of  the  cracks  in  an  ioe  sheet.  During  the  last  years  the 
program  has  been  used  in  about  400  numerical  eogperiments.  The  oonputer 
experiments  have  been  performed  by  EC-1060  and  lEM  PC  AT.  The  ioe  force  has  bee 
calculated  by  di^lacement  loeKiing.  The  force-time  curve  and  the  fractured  zone 
development  and  epures  of  noniBl  and  shear  stresses  acting  onto  the  structure  has 
been  received  in  each  of  the  numerical  experiments.  It  has  been  shown  that  the 
ice  force  anplitude  d^)ends  essentially  cn  the  ioe  straigtfa  propeLties  (tiie  angle 
of  the  interned,  fiction  and  the  St/Sc  ratio) . 

In  tiiese  investigations  the  influence  of  the  following  factors  has  been 
studied: 


-  Structure  cross  section.  The  circular,  octagonal,  square  and  rectangular 
structures  have  been  studied. 


-  Boundary  conditions.  The  two  kinds  of  boundary  conditions  at  the  ice- 
structure  contact  have  been  simulated  -  the  stiff  boundary  (the  structure 


is  frozen  in  the  ioe  dieet)  and  the  free  boundary  (the  friction  between 
the  ioe  and  the  structure  is  absent) . 


~  Incaneasing  of  the  ioe  thidcness  near  the  struc±ure  (ice  cxne  dtape  and 
size) .  Three  different  ice  cones  have  been  studied:  hp^  (ice  cxxie  is 
absent) ,  h  »  hO(l-i'l/r)  (ehallctf  ice  cxne) ,  h  «  hO(i««l/r’)  (steep  ice 
cone). 


-  Adfreezing  ice  strength.  The  adfreezing  ice  strength  has  been  doecribed 
fay  Ooulcanb  Mohr  equation  too.  So  the  tear  and  shear  adfreezing  strength 
ctf  ice  Mas  taken  into  2Kx»unt. 

The  ice  forces  acting  onto  the  nonocxane  structures  frozen  *>  in  to  an  ice 
sheet  has  been  studied  too. 
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nciABiLrnr  aid  SEUKHcainzAncif  or  zcs  sbeeis 

loe-czeep  instability  is  a  well-kncMn  exaiqple  of  ice-sheet  instability,  and 
tiwre  are  a  variety  of  other  ioe  pra{)erties  that  lead  to  instability.  But  ice 
sheets  inter8K±  with  their  environaent  -  the  atnoqphere,  ocean  and  lithosphere  - 
and  it  is  the  interaction  that  leads  to  a  new  variety  of  instabilities  in  both  tiie 
ice  sheets  and  envircnnait.  The  entire  c^namic  systems  coupling  and  ocnprising 
the  ice  sheets  with  the  atmosphere  or/and  ocean  or/and  lithosphere  are  considered 
to  study  mechanisms  of  instability. 

For  an  ice  sheet  interacting  with  the  atmo^here,  a  "cubic"  curve  and  a 
"cu^  surface  of  ice-sheet  equilibria  is  found  in  perfect-plasticity  shallow-ice 
approximation.  The  instability  puts  limits  on  the  loe-sheet  dimension.  It  is 
shewn  that  an  advanced  ioe  sheet  can  be  stabilized  only  at  the  very  large 
dimension.  Polar  ice  sheets  (e.g.  the  Antarctic  Ice  Sheet  and  fanner  arctic  Ioe 
Sheets)  aroi't  stabilized  until  they  reach  the  ocean  airi  are  transformed  into 
either  marine  ioe  sheets  or  marine  ioe  sheet/ioe  shelf  systans  (marine  ioe 
systems).  But  interaction  with  the  ocean  does  not  stabilize  the  advance  but 
causes  a  new-  marine  mechanism  of  instability  vhich  leads  to  a  fast  collapse  of 
marine  ice  sheets  and  marine  ice  systems. 

A  marine  ice  system  is  a  single  c^namic  system  \iihile  its  members  -  grounded 
ice  sheets,  floating  ioe  shelves  and  transitional  zenes  -  are  different  in  terms 
of  dynamics.  The  dynamics  of  grounded  ice  sheets  is  oentroUed  by  shear  stresses 
tdiile  longitudinal  stresses  are  small;  on  the  contrary,  the  (^namics  of  floating 
ice  ^lelves  is  controlled  fay  longitudinal  stresses  \iftille  shear  stresses  are  small; 
the  ice  fleets  and  ice  shelves  are  connected  fay  transitioneO.  zones  (ioe  streams) 
\diere  both  the  shear  and  longitudinal  stresses  are  ocnparable.  The  dynamic 
differences  result  in  morphologic  ones:  longitudinal  profile  of  the  ioe  sheets 
is  convex;  it  becomes  ocncave  within  the  transitional  zones  (the  inflection  line 
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■ay  be  adopted  as  a  conventional  boundary  between  the  ice  stoets  and  transitional 
zones) ;  the  ice  shelves  are  nearly  flat. 

Ihe  mechanics  of  the  mpmbers  of  marine  ice  eysteBs  as  a  vhole  is  considered 
in  perfect’^lastlclty  sh2d.lav>loe  atproodaation.  The  transitional  zones  are 
treated  as  '%#Ba)c.'' 

However,  instability  of  ice  fleets  is  not  only  "destructive*  but  it  wby  ^ 
"czeative,"  if  the  instabili^  results  in  eynergetic  effects  and  leads  to  self- 
organization  of  regular  qpatial  structures  within  and  ice  sheets.  For  exanple, 
the  instability  caused  by  the  erosional  interaction  of  ice  sheets  wi^  their  beds 
gives  a  natural  mechanism  for  self-organization  of  ice  streams  witiiin  ice  sheets 
and  large-scale  linear  fooas  (coastal  fjords  and  submarine  trouchs)  within  tiieir 
beds. 


The  model  of  eroding  ice  sheet/eroded  beds  is  considered  in  viscous  shallow- 
ioe  approodmation. 

Glacial  instabilities  discussed  here  is  a  convenient  tool  to  eaqplain  the 
Oenozoic  ice-sheet  variations  and  global-climate  changes. 
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calls  for  the  development  of  offshore  drilling  platf onus  and  ecpipaent  designed 
for  operation  in  the  hostile  envlxonaent  wi^  short  ice-free  periods.  A 
considerable  amount  of  predicted  hydrocarbon  reserves  in  the  Arctic  seas  is 
attributed  to  shedlow  water  areas  vhere  the  use  of  floating  drilling  units  and 
fixed  platforms  is  most  difficult  due  to  the  deep  draft  during  tranqxatation. 
ttider  this  circumstance  the  most  practicable  way  is  to  vise  ice  island  structures, 
particularly  at  an  early  stage  of  e}g>laratiGn.  Obey  are  constructed  using 
artificial  ice  gaierated  by  either  volume  or  layer  fay  layer  seawater  Sneezing  on 
tiie  prepared  foundation  or  using  various  ocnbinations  of  artificial  and  natural 
ice  with  foreign  additives  (fillers) .  Ihe  selection  of  the  construction  procedure 
is  dependent  on  the  site  of  construction,  tenperature  conditions  in  the  region, 
and  the  availability  of  particular  types  of  ice. 

The  world  eoperlenoe  in  construction  and  operation  artificial  ice  islands 
shows  that  a  number  of  inportant  problems  exist.  These  are;  ensuring  the  rate 
of  freezing  regvdred  for  the  successful  ocnstructicn  and  operation  of  artificial 
ice  islands;  generating  large  amounts  of  high-strength  monolithic  ice  for  the 
structure  boty  with  oertedn  physlced  and  mechaniced  properties  and  ensuring  its 
resistance  to  all  the  extemcd  loads  so  that  the  artificial  island  could  operate 
as  a  foundation  for  esgiloration  drilling.  The  VNIPhnameftegaz,  Noecow,  has 
conducted  large-scsde  e)qperimaits  on  the  fast  ice  of  tiie  Kara  Sea  wi^  a  view  to 
define  practiced  ways  if  generating  large  ice  monoliths  (up  to  3  million  n^}  by 
seawater  freezing  (salinity  of  34-35) ,  vhich  is  the  principed  and  most  ocnplicated 
problem.  The  other  objective  of  the  eaperiments  was  to  test  existing  theories  and 
to  finalize  the  development  of  procedure  of  ice  island  ocnstiaiction.  The 
oonstructicn  was  performed  by  sprinkling  seawater  according  to  a  pre-set  cell 
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layout  with  the  brine  flawing  down  inclined  side  surface  of  the  cells.  The 
procedure  was  tested  under  various  ocnditicns,  namely  at  various  angles  of  nozzle 
indinaticn  to  the  hcrizcntal,  %d.th  various  number  of  nozzles  and  their  outlet 
diameters  and  with  various  veQues  of  water  head,  air  tenperature,  and  %dnd  speed 
and  direction.  Ice*-generated  procedure  was  tested  alongside  with  studying 
physical  ani  mechanical  properties  and  themcc^namic  behavior  of  generated  ice 
mass. 

The  results  of  field  eogeriments  and  theoretical  investigations  helped  to 
produce  guidelines  for  ice  island  ocnstxuction  and  to  define  problenm  requiring 
further  investigations. 


HWRABn.TflnC  ICE  FGBCES 


Ihis  presentaticn  presents  a  method  for  predicting  prcbabilistic  ice  forces 
on  offeiiore  stnx±ures.  It  discusses  the  developooent  of  probabilistic 
distributions  from  oivdronnental  data,  and  the  fomulas  %Aiich  are  used  to  compute 
the  ice  forces.  For  one  ^pe  of  ice  feature,  many  forces  are  calculated  and  a 
probability  is  assigned  to  each  force  to  obtadn  the  probabilily  distribution.  A 
metixxl  is  developed  for  combining  ice  force  distributions  for  more  than  one  type 
of  ice  feature. 

Ihe  return  period  of  a  force  is  defined  and  the  selection  of  its  design 
value  is  discussed.  Ihe  probability  of  exceeding  the  force  in  the  time  period, 
such  as  the  life  of  the  structure,  is  considered.  Future  developments  are 
disawsfld  with  eonphasis  on  obtained  better  ice  data. 
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Mien  ioe  is  loaded  in  ocofiression,  a  vzoriety  of  behavicrs  mcy  occur.  At 
very  lev  rates,  defennation  is  without  cracking  and  aiipears  dominated  by 
reccystallization.  As  the  loading  rate  is  increased,  the  ice  eadiibits  some 
cracking,  and  the  stress-strain  curve  shows  a  clear  peak.  This  peak  s^parently 
arises  from  the  cracking  activity.  After  the  peak,  the  stress  decreases  to  a 
plateau  value  an  in  this  portion  of  the  stress-strain  curve,  defennation  is  again 
dLie  to  recrystedlization.  As  the  strain  rate  is  increased  further,  the  sanple 
%d.ll  fail  catastrophically  as  a  result  of  cracking  activity.  Quite  how  the 
failure  occurs  is  not  clear,  but  three  mechanisms  of  brittle  cenpressive  failure 
have  traditionedly  been  identified  in  the  rock  mechanic  literature:  axial 
flitting,  shear  faulting,  and  cataclasis. 

Recent  work  in  the  ice  literature  has  concentrated  on  the  Wing  Crack  model 
put  forward  by  Ashby  and  Hedlan  (1986) ,  and  has  attenpted  to  describe  the  failure 
process  as  being  due  to  stable  propagation  of  wing  cracks.  However,  at  least  two 
other  possibilities  must  be  considered.  One  is  that  wing  crack  may  indeed  cause 
fedlure,  but  by  an  unstable  crack  propagation  mechanism.  The  second  is  that 
rather  than  wing  cracks  causing  the  failure,  the  initiation  of  new  cracks  into  the 
aggregate  may  give  rise  to  a  catastrophic  reduction  in  stress.  Also,  models  to 
date  have  fedled  to  identify  clearly  the  actual  mechanism  by  which  instability 
occurs. 

This  paper  will  present  three  possible  models  for  brittle  compressive 
fedlure  in  ice.  The  limitations  of  each  of  the  three  models  will  be  disexmsed, 
along  with  the  inpllcations  of  their  reflective  functionality.  Given  then  the 
behavior  being  modelled  is  brittle,  seme  degrees  of  scatter  is  to  be  esgiected  in 
any  esgierimental  results,  and  the  nature  of  this  scatter  will  be  considered. 
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Tbotm  results  which  are  available  in  the  literature  will  be  in  the  lic^ 

of  their  nodels,  along  with  more  results  obtained  by  the  author.  It  will  be  seen 
thact  none  oC  the  existing  models  describe  the  available  data  oonpletely,  at  least 
in  part  because  Insufficlait  infocmatlon  on  Uie  failure  of  each  (l.e. 

whether  eplltting,  shear  faulting,  or  cataclasls  occurred)  is  available. 
Directions  in  idiich  future  work  mlc^  prove  fruitful  will  be  indicated. 
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BEk  ICB  Duamc  MDEBLB 

h  sea  ioe  dynamics  model  baaed  on  an  elastic  plastic  constitutive  law  is 
reviewed.  Ice  condition  is  described  by  the  tiiickness  distribution.  Strength  is 
estimated  by  balancing  the  rate  of  work  done  by  stress  during  def oonation  witii  the 
power  dissipated  by  the  small  scede  energy  siiiks:  gravitationed  potential  energy 
increases,  frictional  sliding,  and  shearing.  The  ^>ecific  ohoices  of  yield 
surface,  flow  nde,  and  mechanlced  redistribution  are  justified  by  reference  to 
the  literature.  The  model  is  designed  to  describe  and  forecast  ice  behavior  over 
periods  of  about  a  week.  Changes  in  ioe  velocity,  defamation,  stress,  and  ice 
condition  are  described.  These  variables,  edthouc^  averaged  over  tens  of 
kilometers,  provide  valuable  inforxation  to  designers  and  operators  of  offshore 
structures  since  ioe  strength  limits  the  force  that  can  be  applied  to  a  structure. 

Mathematical  characteristics  are  examined  to  he^  understand  the  large-scale 
lead  patterns  observed  throu^xxit  the  Arctic,  especially  where  ice  is  forced 
through  straits  and  other  restrictions.  The  metals  and  soil  mechanics  literature 
oont2dns  numerous  discussions  of  plasticity  models  and  the  importance  of 
characteristic  directions  or  slip  lines  for  describing  discontinuities  in  the 
deformation  field.  Polar  literature  new  edso  contains  several  similar  references. 
The  quasi-steady  ice  dynamics  model  is  hyperbolic,  parabolic,  or  elliptic 
dq)ending  on  the  yield  surface  shape  and  stress  state.  Whmi  hyperbolic,  two  real 
characteristic  directions  exist,  across  which  traction  can  be  discontinuous. 
Velocity  characteristics  coincide  with  stress  characteristics  if  an  associative 
flow  rule  is  used,  but  may  be  independent  if  a  non-associative  flow  rule  is  used. 
The  present  work  explores  more  thoroui^y  the  model  behavior  associated  with  the 
characteristics  in  an  attenpt  to  learn  if  they  can  reedly  be  expected  to  describe 
the  observed  lead  patterns.  Of  interest  are  directions  along  \diich  leads  form  and 
the  deformation  of  existing  leads.  The  latter  topic  is  of  special  interest  when 
pedrs  of  rectilinear  leads  co-exist. 
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Hie  different  possUale  relationships  between  observed  lead  patterns  and 
characteristics  are  examined.  Several  different  eiqplanations  are  evaluated;  (i) 
leads  foca  and  deform  along  stress  oharacteristics;  (ii)  leads  form  stress 
characteristics  and  deform  along  velocity  oharacteristics;  (iii)  leads  fora  along 
stress  oharacteristics  and  deform  along  directions  of  maximum  opening;  and  (iv) 
intersecting  leeds  form  sequentially,  rather  than  in  pairs  2dflng  the  two 
characteristic  directions.  Ihe  possibility  that  leeid  patterns  ate  not  related  to 
mathaBatical  oharacteristics  is  also  considered.  VSiile  our  present  understanding 
sugg^ests  that  (iii)  provides  the  most  likely  e3g>lanation,  more  data  are  needed  to 
substantiate  the  conclusion. 


Several  ^lecial  cases  are  considered:  flow  around  an  obstruction,  arching 
across  a  strait,  and  shearing  edong  a  coastline.  In  the  future,  data  available 
from  satellite  Imagery  will  be  most  useful.  Sequential  images  must  be  analyzed 
to  determine  vhen  leetds  formed  and  haw  they  deformed. 
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Miere  present  in  significant  numbers,  iodsergs  dcminate  the  design  of  fixed 
offEftiare  platfonos.  Such  is  the  case  on  the  Grand  Banks  of  Newfoundland  where  a 
large  gravity  based  platfann  has  beai  considered  for  production  at  the  Hibernia 
Oil  Field. 

A  substantial  amount  of  infomation  is  available  about  the  physical 
properties  of  io^sergs.  Less  information  exists  about  the  pressure  and  foroes 
that  DE^  result  from  their  collisions  with  offshore  platfoams.  Very  little  can 
be  found  as  to  how  to  apply  the  iceberg  impact  pressures  and  forces  for  local  and 
global  design  of  the  platforms. 


Ihe  author  presents  of  oonprehmisive  review  of  the  procedures  for  iceberg 
loading  calculation  and  s^lication.  He  also  addresses:  (a)  the  key  differences 
between  icebergs  and  sea  ice;  (b)  the  ic^serg  data  and  impact  load  edgorithms 
needed  to  establish  design  criteria;  and  (c)  possibilities  for  further  reduction 
of  the  presort  conservatism  in  the  iceberg  loading  criteria. 
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CRACK  EBCEMSMEICll  IN  Ml  ICS  OOVBt  UmSt  IBB  MTXOM 
GP  A  MCynO  NORMAL  LORD 

The  problem  of  dyneonical  exade  propagation  in  ioe  cover  (utiich  is  asBwwd 
to  ba  a  hoDogonaous  ftiagt-ln  plate)  differs  fincm  the  classical  problens  of  fracture 
aechanics  in  certedn  features.  First,  it  is  nonlocality,  i.e.  the  action  of 
farces  bending  the  ice  cover  is  transferred  to  its  distant  areas  not  only  by  the 
bending  waves  moving  along  the  plate,  but  also  by  the  waves  in  water.  This  fact 
considerably  influmices  on  the  mathaaoaticea.  fanoolation  of  the  problen: 
differential  equations  of  dynamical  bmiding  of  a  plate,  contacting  %d.th  water,  are 
transfonned  to  a  oonvolvitlon-type  equation  (vdiich  makes  its  solixtion  more 
difficult) .  That  is  w)^  in  this  paper  we  diall  first  consider  the  fundamental 
problem  of  a  nooml  moving  force.  Incidmitedly,  solving  this  problem  helps  to 
find  out  feasible  one  of  sirplif ications  in  the  descriptions  of  plate-wter 
interaction. 


Secondly,  the  problem  under  consideration  is  characterized  by  critical 
velod^  (i.e.  velocity  of  movement  of  nontal  force  and  crack  propagation)  which 
is  very  little  as  ocopared  to  oorrespending  critical  velocity  of  crack  in  elastic 
medium  (usually  it  is  Raylei^'s  t/aves  velocity) .  The  moving  load  induces  waves 
carrying  energy  away  infinity”  if  the  velocity  is  greater  than  the  critiesQ. 
one.  In  this  case  (in  contrast  to  under-critlcml  range)  only  a  part  of  energy  is 
spent  on  ftacture  (flowing  down  a  crack  tip),  another  part  is  radiated  by  the 
waves  mentioned  above.  The  power  of  this  radiation  is  to  be  included  in 
oorzelation  between  load  intensi^,  velocity,  and  location  of  a  stack  with  respect 
to  the  load. 

All  these  aspects  of  the  problem  are  considered. 
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Mcxkels  that  are  being  developed  to  predict  the  behavior  of  sea  ioe  daring 
ioe-ioe  and  ioe>stnicture  inberaction  require  inf ocnation  on  the  eechanioed 
properties  of  the  ioe.  The  level  of  detxdl  necessary  in  the  constitutive 
description  of  the  behavior  of  the  ioe  still  reoiains  a  question.  In  other  words, 
do  we  (or  can  we)  incorporate  the  models  developed  to  describe  the  micromechanical 
processes  observed  in  10-cm  laboratory  test  specimens  directly  into  the  larger- 
scale  models  designed  to  predict  the  fallvire  of  ice  sheets?  Probably  not,  since 
this  level  of  det2d.l  would  result  in  inberaction  models  that  are  too  cunbersome 
to  be  \iseful,  practlcsdly.  He  still  need  to  vmderstand  the  small-scede  processes, 
however,  in  order  to  define  the  variables  of  prijoary  iaportanoe  in  controlling  the 
behavior  of  the  ice. 

This  presentation  will  focus  on  laboratory  work  that  has  been  done  to 
determine  the  small-scale  material  properties  of  sea  ice  as  a  function  of  ice 
structure,  temperature,  loading  rate,  and  state  a£  loading.  Ttachniques  for 
performing  uniaxial  ocnpression  and  tension  and  confined  ccspresslon  tests  on 
10.2-cin-diameter,  25.4-cm-long  cylindrical  test  specimens  will  be  described  along 
with  the  combined  results  &om  these  various  test  programs.  I  %dll  also  describe 
test  facilities  that  are  being  established  to  permit  laboratory  testing  of  1-m- 
scale  ice  blocks  in  ocnpression  and  bending.  These  blocks  will  be  loaded  in  situ 
and,  henoe,  will  have  a  temperature  gradi^it  rggesaitative  of  ice  in  the  field. 
He  plan  to  model  the  loading  bdiavior  of  these  blocks  using  data  from  snall-scade 
material  property  tests.  This  effort  will  serve  as  an  intermediate  step  towards 
relating  the  inslc^  we  have  gained  from  the  material  property  tests  to  the  field 
scale  interaction  events. 
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IBB  ICS  RESBACH  IROOaifi  MD  EgHCmaWM.  WNSLUTIEa 
or  TBB  XRXLCP7  SBIP  RBBFaBfW  USEZSDIB 

Tiie  eaqperlencse  that  has  beai  aocunulated  so  far  in  the  solution  of  practical 
ice  technic  problens  shows  clearly  that  the  main  role  in  this  still  belongs  to 
eaverinental  nethocte  of  research.  This  is  largely  accounted  for  by  the  fact,  that 
ice,  particularly  sea  ice,  is  still  among  the  less  studied  media  and  may  be 
characterized  as  a  material  widely  varying  its  physlced  properties  with  variation 
of  numerous  external  factors.  It  presents  considerable  difficulties  in  building 
up  theoretic2d  models  which  would  describe  the  diversity  of  ice  reewstions  to 
external  loadings. 

On  the  other  hand,  the  possibilities  of  full-scale  eaqperiments  in  ioe 
conditions  are  strongly  limited  by  heavy  expenses  to  prepare  and  conduct  then, 
rather  poor  informativity  of  the  results  obtained  due  to  a  random  character  of  ioe 
situation  in  the  test  area,  considerable  technical  and  ecological  risk,  especially 
in  cases  when  e}g)eriment£d  sanples  of  transxartation  means,  offshore  floating  or 
stationary  structures  are  investigated. 

With  the  advmit  of  new  types  of  physical  laboratories  -  ice  model  basins 
(more  than  20  in  the  world  now),  of  which  the  ice  basin  of  the  Arctic  and 
Antarctic  Institute,  USSR,  was  the  first  (1955),  wide  opportunities  have  been 
opened  for  modelling  of  real  ice  conditions  and  proqpt  fulfillment  of  orders  by 
shipbuilding  and  hydrotechnical  industries  on  the  basis  of  data  obtedned  from 
systenatic  e>g)eriiamts  with  models  of  structures  to  be  operated  in  ice  covered 
tater  areas. 


The  ioe  model  basin  of  the  Krylov  ship  Research  Institute  (length  45  m, 
breadth  6  m,  and  depth  1.7  m),  where  investigations  of  technical  problens  ere 
started  in  1987,  only  sli^tly  differs  fron  similar  facilities  in  other  countries, 
but  owing  to  a  broad  variety  of  tynamoneter  devices  used  in  esperiments  provides 
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a  aeanB  for  carrying  out  tests  in  vsarious  ioe  conditions  (Lefvel  ice,  ice  channel, 
laraken  ioe,  ridges)  including: 

-  tawing  and  self  propelled  model  tests  for  ice  breakers  and  ice; 

-  strengthened  chips; 

~  tawing  tests  of  model  offshore  structures; 

-  measurement  of  screw-propeller  characteristics  in  open  water  mode  of 
operaticn  in  clear  water,  near  an  ice  plane  on  free  surface  and  in  milling 
regime  of  interaction  with  ice  blocks; 

-  ice  loeds  estimates  for  screw  blades,  ^lafting  system  and  blade-turning 
mechanism  of  ocntrollable  pitch  propeller; 

-  investigations  of  static  and  dynamic  methods  of  ioe  destruction  by  air  - 
cushion  vehicles  and  platforms. 

Scaling  from  model  e}g)eriments  to  full  size  conditions  presents  some 
difficulties  due  to  the  fact  that  so  far  it  has  berni  inpossible  for  model  basins 
to  develop  modelled  ice  with  all  physical  and  mechanical  properties  satisfying  the 
similarity  criteria  for  the  processes  under  stuc^.  This  problem  demands  serious 
oonsideration  and  cooperative  efforts  specialists  of  ice  reseeuxh  centers  as 
well  as  collection  of  reliable  full-scale  information. 
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Polycxystalline  loe,  a  naturally  occurring  gecnaterlal,  is  of  considerable 
interest  in  ocean  engineering  applications  involving  the  indentation  and 
penetration  of  structures  and  the  use  of  ice  as  a  structural  mater iai .  Since  the 
material  is  present  in  nature  at  tenperatures  very  close  to  its  melting  point, 
terrestrial  ice  displays  a  hi^^y  rate  and  temperature  sensitive  behavior,  more 
generally  celled  creep.  Ice  also  cracks  easily  under  moderate  to  hi^  rates  of 
loading  and  is  said  to  di^lay  quasi-brittle  behavior.  The  transition  from 
ductile  (creep)  to  brittle  b^iavior  represents  an  important  condition  in 
engineering  explications.  Prediction  of  ice  behavior  within  the  ductile-to- 
brittle  transition  requires  cmstitutive  theories  to  describe  the  deformation 
(stress-strain)  behavior  of  the  material  at  labaratary-scale;  and  anelyses  which 
can  be  used  to  predict  field-scede  processes  via  numerical  simulations. 

This  talk  will  presait  newly  developed  constitutive  theories  for  the 
transient  (time-dqiendait)  creep  and  purely  brittle  bdiavlor  of  ice.  The 
transient  creep  theory  is  physically  based,  but  phencnemlogicel,  uses  internal 
state  variables  to  model  the  evolution  of  the  materials's  microstructure  during 
deformation,  describes  texture  npand  stress-induced  anisotropy  under  multiaxial 
states,  atvl  has  been  extensively  verified  against  eaxerimaital  data.  On  the  other 
hand,  the  brittle  bdiavior  of  ice,  which  is  dominated  by  the  nucleation  (not 
propagation)  of  cracks,  is  described  via  a  microstructurally  based  constitutive 
theory.  The  elastic  anisotropy  of  the  constituent  crystals  in  a  polycrystalline 
aggregate  is  the  princ^)al  mechanism  responsible  for  crack  nucleation.  The  crack 
nucleation  theory  is  used,  in  turn,  to  predict  the  accumulation  of  damage  with 
loading  and  the  associated  (macrosocpic)  deformation  bdiavior  of  ice,  accounting 
for  multiaxial  and  loading-history  effects. 

The  talk  concludes  by  presenting  a  finite  element  formulation  for  analyzing 
ice  indentation  involving  transient  creep  as  well  as  results  from  numerical 
simulations  \4iich  consider  problems  of  increasing  oonplexlty. 
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ICB  LOADS  ON  CBTSaOBB  glBUglUREB 
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Ihis  r^nrt  cteala  vdth  investigations  that  have  been  carried  out  at 
Leningrad  State  Technical  university  (ISIU)  and  devoted  mostly  to  ice  loads  on 
offshore  structures  and  partly  to  ice  properties. 

1.  SZSENSIH  OF  MEDIA  SAMPLES  LMDER  UNIAXIAL  CXMFRBSSICN 

(Prof.  ZvDlinsI^,  N.V.  -  Inst,  for  Problems  in  Mechanics,  Rtxif .  Shkhinek, 

K.N.  -  ISIU) . 

lV)o  dimaisianed  solution  has  be^  found  for  compressed  layered  media 
samples.  Ihis  media  consists  of  thin  elastic-brittle  layers  and  extremely  fine 
soft  material  between  them. 

Rectangular  samples  of  this  materied.  is  placed  between  press  plates.  It  is 
assumed  that  sample's  butt-ends  are  fixed  to  the  plates  and  can't  slide  relatively 
them  in  horizontal  plans.  Lateral  surfaces  of  sample  are  free  from  stresses. 
This  solution  has  demonstrated  that  stresses  in  this  sample  are  distributed  most 
irregularly.  Irregularity  depends  on  the  properties  of  layers,  their  angle  of 
inclination,  and  sample's  length-width  ratio. 

Strength-angle  of  inclination  ratio  is  similar  to  that  described  in  Payton's 
investigation. 

2.  ICE  CCfVER  INFLUENCE  CN  ADDED  MASSES  OF  OSdUAIINS  BOOy 

(Dr.  Bolshov,  A.S.,  Dr.  Natskevich,  D.G.,  Prof.  Shldiindc,  K.N.,  ISIU) 

Iheoretical  and  eoperimental  investigations  resulted  in  elaboration  of  the 
method  for  calculation  of  added  masses  of  bodies,  oscillation  under  hrcken  ice 
cover.  It  has  been  shown  that  if  we  know  connection  between  added  masses  and 
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fteqiuoicy  of  oscillating  in  the  absence  of  ioe  cover,  it  is  possible  to  dstendne 
added  Masses  «dth  the  presence  of  broken  ice. 

3.  ICE  LCAD6  ON  A  SYSTEM  OF  PILES  INDQt  HATER  LEVO.  CHANGES 

(Dr.  Matskevich,  D.G.,  Prof.  ShkhineOc,  K.N.,  LSIU). 

Kerr's  solution  for  loads  acting  on  a  single  pile  is  well  known.  Hcwever, 
tte  solution  is  inadegwate  for  the  system  of  piles,  as  load  cannot  be  calculated 
by  sinple  sunnation  of  Kerr's  solution  for  each  of  the  piles,  because  distortion 
of  boundary  conditions.  Our  a^iproach  was  based  on  the  idea  of  adnimization 
deviation  from  exact  boundary  conditions.  As  a  result  solutions  for  the  two-, 
three-,  four-pile  systems  were  obtcdned. 

4.  MATHEMATICAL  SmilAFION  OF  ICE  -  VERTICAL  PILE  INTERACTION 

(Dr.  Matskevich,  0.6. ,  Prof.  Shldiin^,  K.N.,  LSIU 

It  has  developed  nathematicsd  model  of  ice  -  verticed  pile  interaction.  Ioe 
is  to  be  an  elastic-brittle  materied.  Ocoputer  program  was  developed  for 
investigation  process  of  ice  crushing  around  the  structure  and  ice  load  changing 
in  a  time. 

The  last  time  about  400  numericcd  aqperiments  for  different  cross-section 
structures,  ice  properties,  and  boundary  conditions  has  been  conducted. 
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DJanMZC  ICE-eiRDCIDRB  IMISaCIlOH  DQRIMS  nSEHIKIKlI  TESIB 

To  study  dynamic  ice-structure  interacticn  during  the  crushing  failure  of 
ice,  indentation  tests  were  conducted  by  pushing  a  verticed,  flat  indoitor  into 
the  edges  of  floating  ice  sheets.  Ohe  indentor  vaa  supported  on  a  movehle 
carriage  by  means  of  three  load  cells  to  measure  interaction  farces  at  tiie  ice- 
indentor  interface.  The  di^lacements  of  the  carriage  and  the  indentor  were 
measured  s^tarately.  The  indentor  displacement  relative  to  the  carriage  and 
provided  oonpr^^ensive  data  on  tlv»  dynamic  ice-structure  interaction  during 
crushing  failure  of  an  ice  sheet.  Three  basic  modes  of  ioe  b^iavior  were 
observed:  creep  defamation  at  low  velocities,  intermittent  crushing  at 

intermediate  velocities,  and  oGntinucus  crushing  at  high  velocities.  Based  on 
these  measurements,  a  theoretical  rcdel  is  proposed  %hich  produces  results  similar 
to  those  of  the  ejgieriments. 

Because  of  the  flexibility  in  tht  structural  support  eystem,  the  velocity 
at  which  the  indentor  moved  was  not  always  the  same  as  that  of  the  carriage.  The 
dependence  of  effective  pressure  cn  the  indsrtor  velcKity  was  investigated  because 
the  strain  rate  and  the  stress  rate  at  a  point  in  an  ice  sheet  have  a  direct 
relationship  with  the  indentor  velcx:;ity.  The  maximum  effective  pressures  measured 
at  differat  indentor  velcx:ities  were  found  to  differ  by  a  factor  of  3  to  5;  high 
pressures  (8-13  MBa)  were  measured  at  low  indentor  velcx;ities  (<2Gnn  s-1) ,  and  lew 
pressures  (1.2-4. 3  MBa)  at  hi^  indentor  velocities  (>100  mn  s') .  The  reduction 
in  the  effective  pressure  is  believed  to  be  caused  by  the  change  in  failure  Bcde 
frem  in-plane  deformaticxi  at  lew  velcx:ity  to  out-of-plane  brittle  fedlure  at  hic^ 
indentor  velcx:ity. 

The  data  trooi  this  study  were  also  used  to  exmpute  the  energy  exchanges  that 
taike  place  during  cre^  deformation  and  intermittent  and  oontinucus  crushing  of 
icse.  The  oiergy  supplied  by  the  carriage  was  partly  stored  in  the  structural 
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spring,  peortly  cxnverted  to  kinetic  energy,  partly  dissipated  in  deforming  and 
extruding  the  ice,  and  par1:ly  dissipated  as  heat  in  the  danping  mechanisms  of  the 
structure.  Except  for  the  heat  diss;U>aticn,  edl  other  forms  of  energy  %m!re 
ocnputed  frcnt  the  eaperlmentol  data,  and  the  heat  dissipation  uas  oaoputed  fftn 
tile  energy  balance  using  the  first  law  of  themodynamics.  Plots  of  all  forms  of 
energy  will  be  shown  in  graphiced  form,  in  which  their  relative  magnitudes,  time 
of  oocurrenoe,  and  interplay  may  be  seen. 

The  medn  result  of  the  energy  exchange  stu^  is  the  thesis  that  intermittent 
crushing  or  ioe-induoed  vibration  takes  place  whenever  there  is  an  imha  lance 
between  the  rates  of  work  done  by  the  carriage  and  the  indentor  and  that  there  are 
no  vibrations  wh^  these  rates  of  vfork  are  egued. 

Ihe  results  of  tests  when  intermittent  crushing  took  place  we  analyzed  to 
obtain  the  frequency  of  intermittent  crushing  failure.  FTcm  the  experiment^d 
results,  a  correlation  was  obtained  between  the  average  distance  travelled  by  an 
indentcr  during  successive  fadlure  events  and  the  maximum  relative  displacement 
of  the  indenter  with  reflect  to  the  carriage  during  the  loading  phase  of  a  cycle. 
Fton  this  ocrrelaticn,  the  frequency  of  intermittent  crushing  can  be  obtained  in 
terms  of  structural  stiffness,  ice  velocity,  effective  pressure,  indentor  width, 
and  ice  thickness. 


W.B.  Tuckar,  IZZ 

U.8.  Bnqf  OoU  Ragion  Baaearcto  and  Engineering  Labogcatocy 
Banovar/  Hair  Banpshize  USB 

FIEU)  MEASDRBfENir  OF  RACK  ICS  81BESSE8 

Acxairate  neasurenents  In  situ  loe  stresses  were  obtained  in  the  pack  ioe  of 
the  eastern  Arctic  during  the  fedl  of  1988.  Stresses  were  measured  using  biaxial 
vibrating  wire  sensors,  these  are  cylindrical  instruments  which  the  principed 
stress  con|xiients  and  the  directions  are  determined  fixm  the  resonant  vibration 
&ec|uencies  of  the  wires.  At  one  site  about  200  n  from  the  edge  of  a  large 
multiyear  floe,  three  sensors  were  installed  at  ^=different  depths  to  examine  the 
vertical  distribution  of  stresses  within  the  ice.  At  another  site,  two  sensors 
%ffire  instedled  at  shadlow  dqjths  in  the  multiyear  floe  near  a  freezing  lead  with 
an  additional  sensor  in  the  first-year  ice.  Stresses  in  the  multiyear  ice  far 
from  the  edge  of  the  floe  reached  ISOkPa  during  extreme  deformation  events.  Near 
the  edge  and  in  first*^ear  ice,  they  exceeded  350kPa  on  several  occasions  (400  kPa 
in  one  instance)  when  the  ice  failed  very  near  the  s^rmors.  Thermally  induced 
stresses  at  shallow  depths  in  the  multiyear  ioe  were  caused  by  rsqpid  tespecature 
changes  and  could  be  nearly  as  large  as  stresses  observed  during  deformation. 
Often,  the  stresses  at  depth  during  these  thermal  evimits  were  of  opposite  sign  to 
those  near  the  surface.  The  verticed  distribution  of  stresses  varied  with  the 
type  of  deformation  evait,  but  the  largest  values  were  edways  observed  in  the 
tpper  hedf  of  the  ice  sheet.  Stresses  due  to  deformation  were  rapidly  attenuated 
away  from  the  edge  of  the  floe.  Near  the  edge,  however,  recorded  stresses  agreed 
%«11  with  those  observed  in  the  adjacent  first-year  ice.  The  sensor  located  in 
the  first-year  ice  edso  eiperienced  twice  daily  oscillations  of  about  50  kBa  which 
are  spparently  tidal  or  inertially  induced.  Measurements  of  local  ice  motion  with 
the  radar  transponder  system  edlowed  oocparison  of  the  stresses  to  the  loced 
strain  field.  Overedl,  there  was  veary  little  agreement  between  stress  and  loozd 
deformation  except  during  large  deformation  events. 
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8.A.  VdKShiaiii,  lUA.  Xllady,  and  A.B.  Balow 
AU-Qiian  BM«BXCik  and  Design  Xnstitaite  for 
QffBhora  Gdl  and  Gas  Reoovexy  (vmPlMacneftagas) 

J/O&OSM,  OBSR 


ounmc  zcB-iUBOBLE  aiRDcngai  TorBSUsmas  ibemgmemoh 

All  existing  €^¥<i:x)aches  to  the  process  of  c^namic  ice-structure  interaction 
are  possible  to  describe  the  relaxation  mode,  \diich  consists  of  static  loeding 
phase  and  the  novenent  in  the  crushed  zone.  But  in  the  hamonic  mode  %d.th  high 
relative  velocities  edl  this  e^iproaches  are  not  so  useful. 

Some  results  of  theoretical  and  model  researchers  in  connection  with  the 
analysis  of  existing  data  on  dynamic  interaction  are  presaited.  Ihe  new  function 
of  ice  resistance  makes  it  possible  to  analyze  not  only  relaxation,  but  aUso  the 
harmonic  mode  in  terms  of  self-excited  vibrations  theory.  Ihere  were  developed 
some  theoretical  and  e)g3eriment2d  results  for  the  case  of  prevailing  frequency 
(one  natural  mode) .  An  e^pproach  to  the  more  oonplex  analysis  of  reed  structures 
using  the  model  is  discussed. 

After  Maattanen  (1977,  1981,  1984) ,  \iAio  connected  the  possibility  of  self- 
excited  vibrations  occurrence  with  the  non-linear  dependence  of  the  ice  mechaniced 
properties  on  the  relative  ice-structure  veloci^  there  eqppeared  some  attenpts  to 
present  the  ice  resistance  as  a  partly  linear  function  of  relative  ice-structure 
velocity  (Ranta,  Raty,  1983;  Toyama  et  al.  1983)  or  as  a  function  of  velocity  and 
time  (Kama,  IXirunen  1989) . 

There  are  some  egproaches  to  ejq^ledn  the  phenomenon  of  ice-induced 
vilsration:  see,  for  exanple,  the  last  ones  -  Eranti  (1990) ;  Hang,  Xu  (1990) ,  Xu, 
Hang  (1990) ,  Sodhi,  Nakazawa  (1990) ,  Kama,  Muhonen  (1990) ;  etc.  This  problem  is 
iDider  research  and  discussions  more  than  20  years,  but  there  is  no  valid  and  dear 
eoqplanation  of  the  nature  of  this  phenomenon.  In  this  article  authors  make  an 
attempt  to  develop  the  model  that  gives  loading  time  history  using  self-vibrations 
theory  allied  to  flexible  structure  model. 
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General  assunfiticns  were  weeded  cut  earlier  by  the  first  two  authors 
(Versidnin,  Iliac^  1990) .  In  this  worlc  the  theory  is  ocnpletely  sodified  using 
ncn-deterniinistic  approach. 


The  nmeriesd  model  of  the  process  was  developed  and  oonputer  simulations 
with  different  model  parameters  were  held.  Ihe  results  were  oespared  with 
eoqperime^t^d  data  of  structure  modelling  and  reed  structures  behavior  in  ice 
conditions. 
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BoBon  Bpoductlcp  RBseaxcii  OonpasY 
Boustoiu  Tnu  VBh 


ICS  LCADB  df  gnaiOTURES  -  A  CASS  SIODV 

Ihs  Alaskan  Bering  Sea  covers  a  large  area  %iith  latitudes  between  55  N  and 
65  N,  off  the  west  coast  of  Alaska.  Most  Bering  Sea  locations  are  in  subarctic 
regions.  Due  to  frequent  rafting  of  sheet  ice,  the  rafted  ice  in  a  nunber  of 
Bering  Sea  locations  can  reach  a  tot£d  thickness  of  over  15  meters.  Annual  ice 
ridges  with  a  total  thlokness  of  over  20  meters  have  zdso  been  observed.  The  ice 
conditions  in  neny  Bering  Sea  regions  are  similar  to  those  around  Sskhalin  Island 
off  the  Pacific  coast  of  the  Soviet  union.  In  the  mid-eighties,  Exxon  carried  out 
a  nunber  of  studies  on  the  envirxximented  conditions  of  the  Bering  Sea.  Ice 
conditions,  ice  properties,  and  ice  movement  rates  were  carefully  investigated  for 
several  regions. 

In  addition,  model  test  data  were  processed  to  examine  the  accuracy  of 
various  ice  load  coDputation  fonulas  for  offshore  structures.  Random  variables 
were  then  selected  to  represent  environn]ent£LI  parameters  and  the  differences 
between  the  measured  and  calculated  forces.  Based  on  environnental  and  model  test 
data,  a  conputer  simulation  program  was  developed  to  estimate  rare  ice  loads  for 
structures  located  in  oertedn  areas  of  the  Bering  Sea.  In  edditlon  to  providing 
estimates  to  rare  ice  loads,  the  simulaticai  program  was  €Qso  useful  for  assessing 
the  sensitivity  of  ioe  loads  to  various  ice  and  structure  input  parameters. 
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IMIEBatEEAXZOHB  BWIHIRHI  OtCinB  OCHnTZCHB, 

BEK  ICS  anmCgURB,  jod  sa  ks  bucereies 

Quantif  Icatlon  of  the  properties  of  large  areas  of  pack  ioe  cannot  be 
adequately  resolved  by  direct  observations  eOone.  Yet,  at  present,  remote  sensing 
data  provides  only  indirect  infcrmatlon  on  the  fundamental  properties  and 
processes  that  are  needed  to  characterize  a  sea  ice  and  its  intemsd.  mechanical 
interactions  as  well  as  its  external  interactions  with  the  atmoqphere  and  ocean. 
Efforts  to  deal  with  this  problem  are  sunnarized.  Current  2qpproaches  utilize  buoy 
and  satellite  data  to  monitor  ice  and  meteorological  conditions.  This  information 
can  be  vised  to  drive  ice  growth  and  ioe  property  models  that  produce  thickness 
distributions;  sea  ice  sedinity,  temperature  and  brine  volume  profiles;  and 
ultimately  property  profiles  and  oonposite  characteristics.  Exanples  of  such 
procedures  are  presented  using  tensile  strmigth  and  elastic  modulus.  Capabilities 
of  the  Alaska  SAR  Facility  in  contributing  geophysical  data  xisefUl  in  dealing  with 
this  general  problem  via  the  use  of  automated  analysis  procedures  are  described, 
current  problem  areas  remaining  are  related  to  variations  in  the  amounts  of  frazil 
and  gongelation  ice,  the  effects  of  crystal  alignments,  uncertainties  in  ice 
thickness  resulting  from  snow  cover  variations,  and  inadequate  information  on  how 
to  redistribute  ice  deformed  during  ridging  evmits. 
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X.  APPENDIX 

0 


HEHORAMDUM 

A  memorandum  concerning  cooperation 
on  research  in  Ice  Mechanics  and  Its 
Applications  for  consideration  for 
Incorporation  in  the  cooperative 
agreement  under  discussion  between 
the  U.S.S.R.  Academy  of  Sciences  and 
the  U.S.  National  Academy  of  Sciences 

The  First  Soviet-American  Workshop  on  Ice  Mechanics  and  Its 
Applications  was  held  in  J\ine  1991  (16-26)  in  Moscow,  U.S.S.R. 
Representative  Soviet  and  American  delegations  participated  in 
the  Workshop  presenting  a  total  of  34  papers.  A  list  of 
participants  is  given  in  Appendix  1.  The  meeting  was  extremely 
successful . 

During  the  Workshop  the  question  of  furthering  future 
cooperation  in  ice  mechanics  and  its  applications  between 
interested  Soviet  and  American  scientists  and  organizations  was 
discussed.  Taking  into  account  the  importance  of  the  scientific 
problems  under  consideration,  the  mutual  interest  in  and  the 
benefits  that  would  be  derived  from  cooperative  research  in 
several  aspects  of  ice  and  ice  cover  mechanics  including  the 
interaction  of  ice  with  structures,  the  members  of  the  Workshop 
suggest  that  future  cooperative  investigations  and  programs  be 
organized  and  that  this  organization  take  place  within  the 
framework  of  the  program  for  U.S. -U.S.S.R.  cooperation  in 
scientific  research  on  the  level  of  the  U.S.  National  Aca'^eroy  of 
Sciences  and  U.S.S.R.  Academy  of  Sciences.  It  is  further 
suggested  that  the  U.S.  National  Science  Foundation  and  U.S.S.R. 
Academy  of  Sciences  add  the  subject  area  of  ice  mechanics  to  its 
approved  list  "Scientific  Problems  of  the  Arctic  and  the  North" 
that  are  considered  as  appropriate  for  U.S. -U.S.S.R.  Cooperation 
in  the  Field  of  Basic  Scientific  Research  (NSF,  1991). 

Possible  forms  for  cooperative  work  between  the  U.S.  and  the 
U.S.S.R.  might  include  the  following: 

-  regular  workshops  every  two  years  with  the  meeting  site 
alternating  between  the  two  countries; 


-  joint  research  projects; 

-  joint  field  projects  which  might  well  accommodate  several 
research  projects; 

-  exchange  of  scientific  information  and  the  preparation  of 
joint  piiblications  containing  both  original  research  and 
overall  summaries  of  the  existing  knowledge  base; 

-  exchange  of  specialists  to  prepare  plans  and  programs  for 
joint  research,  to  carry  out  joint  research,  and  to  give 
lectures; 

-  exchange  of  graduate  and  post-graduate  stxidents  in 

conjunction  with  coordinated  research  programs; 

-  support  of  the  participation  of  specialists  from  both  the 

U.S.S.R.  and  the  U.S.  in  national  and  international 

scientific  and  engineering  meetings  on  problems  of  the 
mechanics  of  ice  and  ice  covers;  and 

-  provision  of  a  mechanism  to  facilitate  contractual  research 
between  private  companies,  universities  and  governmental 
groups  in  one  country  with  similar  organisations  in  the  other 
country. 

% 

To  advance  the  above  objectives,  the  Workshop  menders 
suggest  that  an  Organizing  Committee  on  Ice  Mechanics  and  Ss Its 
Applications  be  established  to  coordinate  the  proposed  program. 

\ 

It  is  proposed  that  this  group  be  composed  of  five  members s^eachX^ 
from  the  U.S.  and  the  U.S.S.R.  with  the  nationality  of  the  yroup  ^ 
chairman  alternating  at  two  years  intervals.  The  intension  is  to 
create  certain  subgroups  of  specialists  in  the  different  fields 
of  ice  mechanics  attached  to  the  Organizing  Committee,  it  is 
envisioned  that  the  major  programs  carried  out  under  the  auspices 
of  the  Organizing  Committee  will  be  focused  on  specific  research 
directions  and  will  be  both  proposed  and  implemented  by  small 
groups  of  specialists. 

Based  on  input  from  the  Working  Group  members  during  the 
next  two  months,  the  Organizing  Committee  is  specifically  charged 
to  prepare  a  prellmlneury  description  of  a  variety  of  proposed 
projects  and  programs  that  will  then  be  submitted  jointly  in 
conjunction  with  the  above  organizational  suggestions,  to  both 
the  U.S.S.R.  Academy  of  Sciences  and  the  U.S.  Natioi^l  Academy  of 
Sciences  for  consideration  at  the  next  interacad^ny  meeting. 


W«  wish  to  emphasize  that  the  following  U.S.S.R.  and  U.S. 
scientists  and  engineers  can  In  no  way  guarantee  either  financial 
or  organizational  support  of  the  above  proposal  by  their 
respective  governments.  They  can  only  request  that  each 
government  consider  this  proposal  favorably. 


Co-Chairmen  of  International  Organizing  Committee 
of  the  First  Soviet-Amerlcan  Workshop  on  the 
Ice  Mechanics  and  Its  Applications 


K.V. Frolov,  Academician, 
Vice-President,  U.S.S.R. 
Academy  of  Sciences 


D.N. Klimov, 

Corresponding  Member, 
U.S.S.R.  Academy  of  Sciences, 
Director,  Institute  for 
Problems  in  Mechanics, 
U.S.S.R.  Academy  of  Sciences 


National  Academy  of 
Engineering, 

Professor  of  Geophysics, 
Geophysical  Institute, 
University  of  Alaska, 
Fairbanks 


G.F.M.Cox,  Dr., 

Research  Supervisor 
Offshore  and  Arctic  Group, 
Amoco  Production  Company 


